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ens, Mpecialists in Industrial Ventilation and Air Conditioning, we have 

ned, manufactured and installed equipment for practically every 
ion, tty. Recent installations include :— Air Conditioning Plant for 
esey tals, food factories, laboratories, electrical equipment and 
°n's Bical works’; Ventilating and Fume Removal Plants for steel- 
./; #®; chromium plating works and many other types of factory. 

a constant supply of filtered air of specified temperature and 
dity, irrespective of outside conditions, is required, as in 
ical and food factories and laboratories, ‘‘ Visco” equipment is 
alled. 


FILTERS FOR VERY DUSTY PLACES 
ster, Mmost ventilating and air conditioning schemes our standard all- 
panel type filter is generally preferred. Where the dust load is 
tionally heavy, we recommend our “ Reciprojet”? Automatic 
v.1, (cleaning Air Filter having automatic opera- 
two-stage filtration and positive cleaning of 
ter cells by full bore reciprocating oil jets. 
me, Metilter is specially suitable for the ventilation of 


lar 


ell, @@ical machinery in steelworks. 
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“Visco” standard oil-wetted Air 
Filter. These units‘can be built 
on, to deal with any volume of air 
s,” required. 
ith, 
“fo Gre at your service for a complete Air Conditioning installation or the 
supply of a single component. 


} WORDING OF ADVERTISEMENTS: Approximately the firs. 25 letters of each 
advertisement are set in heavy type. Advertisers are therefore advised to begin their 
advertisements with the words they want emphasized. 


Advertisements received by Mid-day Tuesday will appear in the issue of Friday the 
il, same week. Orders must be accompanied by a remittance. 
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PUBLIC APPOINTMENTS 


UNIVERSITY OF DURHAM 


(KING’S COLLEGE, NEWCASTLE UPON 
TYNE 


LECTURESHIP IN MECHANICAL 
ENGINEERING 


The Council of King’s College invite applications 
for a LECTURESHIP IN MECHANICAL ENGI- 
NEERING. 

Applicants should hold an Honours Degree in 
Engineering and have -"e some professional experi- 
ence since will be given to 
candidates with an interest in “ theory of machines ” 
who are prepared to advance that subject by teaching 
and research. The Lecturer will also be required to 
take some Part. in the teaching of other branches of 

The re nm y scale rises by annual increments of 
£50 to a maximum of £1100 and the commencing 
salary will be fixed at a suitable point on the scale 
in accordance with the pte mk and experience 
- at ul applicant. Family allowance and 


Twelve copies of application, together with the 
names of three persons to whom reference may be 
made, should be submitted = later than 30th 
November to the undersigned, from whom further 
particulars may be obtained 

G. R. HANSON, 
E6510 Registrar of King’s College. 


SOUTH SHIELDS EDUCATION 
AUTHORITY 











MARINE AND TECHNICAL COLLEGE 


Principal : 
J. HARGREAVES, M.A., Ph.D., (Cantab.) 


DEPARTMENT OF MECHANICAL AND 
MARINE ENGINEERING 


ASSISTANT LECTURER 


Applications are invited, for duty from January, 
1955, of an ASSISTANT LECTURER in the 
Department of Mechanical and Marine Engineering. 
Candidates should hold a Degree in ring, Or 
equivalent qualification, or the City and Guilds 
Certificate in Machine Shop Engineering or other 
engineering craft. Candidates should also have had 
adequate industrial experience. Salary for the post 
will be in accordance wi Burnham Scale for 
Grade A Assistants, viz., £450-£18-£725, per annum 
plus Degree and training allowances in appropriate 
cases. The initial salary will depend on previous 
industrial and teaching service. 

Application forms, obtainable from the 
signed, Education Office, Westoe Village, South 
Shields, must be completed and returned to the 
Principal of the College not later than the 20th 


November, 1954. 
A. J. W. JEFFERY, 
E6443 Director of Education. 





COUNTY BOROUGH OF 
ROTHERHAM 


EDUCATION COMMITTEE 
ROTHERHAM TECHNICAL COLLEGE 


Principal : G. E. COOKE, M.A., A.M.L.C.E. 


ASSISTANT (GRADE A) 


Applications are invited for appointment as 
ASSISTANT (Grade A) to teach engineering work- 
shop subjects, including fitting and bench work, 
together with some machine shop instruction. 

Applicants should have had both industrial and 
teaching experience and preferably hold a City and 
Guilds Certificate in Machine Shop Engineering. 

Salary will be in accordance wi 
Technical yo 1954, the basic scale being £450 
to £725 per annum, with increments for approved 
experience. 

Application forms may be obtained from the 
undersigned, to whom they should be returned within 
two weeks of the appearance of this advertisement. 

R. BLOOMER, 


Director of Education. 


Education Offices, 
Rotherham. E6403 





ROYAL TECHNICAL COLLEGE, 
SALFORD 


P. F. R. VENABLES, Ph.D., B.Sc., 
F.R.LC. 


Principal : 


MECHANICAL ENGINEERING 
DEPARTMENT 


ASSISTANT, GRADE 8 


an ona are invited for the post of ASSIST- 
B, in the Mechanical Engineering 

. Applicants should hold an Engineering 

a and/or professional qualifications and should 
had sound aera and some teaching 


ence. 
ope successful candidate will be required to teach 
general mechanical engineering subjects to Ordinary 
National Certificate standard and to offer one or 
more subjects to Higher Nationa! Certificate standard. 
Forms re application and further particulars of 
the post may be obtained from the Principal, Royal 
Technical -, A nn Salford, 5, to whom completed 
forms we be returned as soon as possible. 
RIBBLESDALE THORNTON, 


E6435 7 Clerk to the Governors. 


THE ENGINEER 


PUBLIC APPOINTMENTS 
SURREY EDUCATION COMMITTEE 


KINGSTON TECHNICAL COLLEGE 


FASSETT ROAD, KINGSTON-UPON-THAMES 
(AMENDED ADVERTISEMENT) 


HEAD OF THE ENGINEERING 
DEPARTMENT 


Applications are invited for the t of HEAD 
OF THE ENGINEERING DEPARTMENT. 
Candidates should possess a good Honours Degree. 
Teaching = a experience is essential, 


rable. Salary, 
Scale for “Grade IV IV, “fises by £25 to £1515, or 
Grade V. £1515 by £25 to £1665, Head of Depart- 
ment, plus London allowance £36 or £48, according 
to qualifications and experience. 

Applications from candidates in reply to the pre- 
vious advertisement will be considered on receipt 
of a note to this effect. 

Particulars and application forms obtain- 
able on receipt of pe from 
the Principal. Completed “forms to be returned not 
later than 4th December. 


KINGSTON TECHNICAL COLLEGE 
FASSETT ROAD, KINGSTON-UPON-THAMES 


LECTURER IN AERONAUTICS 





lications are invited for the post of LEC- 
R in AERONAUTICS in the Engineering 
nt. The appointment is for a specialist in 
sho Graduates 


Ay 
TU 





aerody ul 

with canty industrial experience. 
experience desirable. Salary scale £965 by £25 to 
£1065 plus London allowance (£36-£48, according to 


age). 

Further particulars and application forms obtain- 
able (on receipt of ) from 
the Principal. Completed forms to be returned, as 
soon as possible. 








CITY OF WAKEFIELD EDUCATION 
COMMITTEE 


TECHNICAL COLLEGE 


Principal : 
G. N. BLAIR, M.C., B.Com., A.C.LS., F.1.LA. 


APPOINTMENT OF TWO FULL-TIME 
ASSISTANTS (GRADE A) 


Applications are invited for two FULL-TIME 
ASSISTANT LECTURERS, Grade A, in the 
— of Engineering and Mining at this 


Liege 
(1) Graduate or equivalent to be primarily 
cerned with the of mathematics to the Al Al 
stage of Higher Nationa! Certificate in Mechanical 
Engineering. 
(2) Suitably qualified person to teach mechanical 
meets subjects to Ordinary National Certificate 


Salary in accordance with Grade A scale of 
the Burnham Technical Report, with allowances for 
Degree, training and industrial experience. ties 
to commence as soon as possible. 

C. L. BERRY, 
Director of Education. 
Education Office, 
27, King Street, 


Wakefield. E6472 





KENT EDUCATION COMMITTEE 


DOVER TECHNICAL COLLEGE 


FULL-TIME TEACHER OF MATHEMATICS 
AND MECHANICAL ENGINEERING 
SCIENCE SUBJECTS 


uired, January next, FULL-TIME TEACHER 

F MATHEMATICS AND eR CAL 
ENGINEERING SCIENCE SUBJ 
and including Ordinary National Coaiaeae final 
year standard. Ability also te teach Engineering 
Drawing and Physics an 
should possess either a Degree in Engineering, 
Graduate Membership of the Institution of 
Mechanical Engineers, or the Higher National Cer- 
tificate in Mechanical Engineering. Salary, Grade B 
Burnham Scale, £525 by £25 to £820, with possible 
initial increments for industrial experience.—Apply 
immediately, stating age, on training = 
industrial and/or teaching experi: oP Techn 
the names of two referees to o the | Princi eal 
College, Ladywell, Dover. 








CIVIL SERVICE COMMISSION 


H.M. DOCKYARD TECHNICAL COLLEGES 


ASSISTANTS, GRADE A AND GRADE B 


The Civil Service p Cometatonns invite applica- 
tions from MEN for permanent appointments (22 
Science and 3 pty commencing as soon as possible. 
Candidates must have a University Degree (or appro- 
priate qualification). ——- in mathematics, 
chemistry engineering (electrical or 
a are ¢ required for the Science Posts and 
candidates for the Arts vacancies must be qualified 
to teach one or more of the following subjects :-— 
English, French, certain amount of modern history, 
economics, current affairs. Burn! scales for 
echnical Colleges apply ; posts are pensionable 
ses od C.S. Superannuation Acts on non-contributory 
basis.—Details and application forms . 
Civil Service Commission, yo Gardens, 
London, W.1, quoting No. 4391/54. Completed 
forms must Feach him by 29th anne, SS esT 


PUBLIC APPOINTMENTS 


MONMOUTHSHIRE EDUCATION 
COMMITTEE 


THE TECHNICAL COLLEGE OF 
MONMOUTHSHIRE, CRUMLIN 


LECTURER 


in Electrical is 
ae at the above Coll from ist January, 
1955, or as soon as possible afterwards. Candidates 
must possess good academic qualifications in elec- 
trical engineering and have had wide industrial expe- 
rience. R and hing experience would 
regarded as added  eusiiieiane.. Salary will be in 

accordance with the Burnham Scale for turers in 
Technical Colleges, viz., £965 by £25 to £1065 per 
annum. 

Further iculars and forms of application 
obtainable from the undersigned, must be returned 
not later than 30th November, 1954. 

C. E. GITTINS, 
Director of Education. 


£6480 


A_ LECTURER 





County Hall, 
Newport, Mon. 





WIGAN AND DISTRICT MINING 
AND TECHNICAL COLLEGE 


WORKSHOP INSTRUCTOR 


Applications are invited for a post as WORK- 
SHOP INSTRUCTOR. Duties will commence as 


Novy, 12, | 
PUBLIC APPOINTMENY 


HER |MAJESTY’S COLO, 
SERVICE 


(NORTHERN RHODESiy) 


ASSISTANT DIRECTOR oF » 
WORKS (ROADS) 


R. Sovtione are invited for the f follow 
SISTA DIRECTOR OF Pupiic'} 
(ROADS) N No: Rhodesia 


Duties : control of Roads B of 
Works Department under direction of ¢, hk. 
of Works, ae supervision of cong, 
maintenance of roads and bridges by g.., 
aes | contract labour. 

intment on contract; gratuit 
“id uments £2231 p.a., plus ay 
satisfactory completion’ Of contract. Fre 
limi free cal attention, generous |p 

Candidates, who should be between 4.4 
age, must hold a recognised University p 
Diploma carrying > Se erat - the Fj 
I cad II_ of the . examinatiog 
A.M.LC.E. They should have at least if 
experience in modern road const; 
particularly concerning thin flexible » 
poe nee np experience in the applicatioy 

s technique for ot: of gravel ang 
poy ge and sub-bases ; bri 


dge and 
proche oe bo of —_ construction an 
ance schemes usi Plant and equ 
"Further details 6 on application to the) 
Great ‘Smith Street, London, s Wi 
details of age, ene nd experieng 
BCD/112/3 jOll/De Clo 





a January, 1955, or as soon as possibl 

Candidates should hold a City and Guilds Certi- 
ficate in Machine Shop Engi and have prac- 
tical experience in industry and in Graduate 
or Associate Membership of a professional Institu- 
tion will be an advantage. Salary in accordance 
= Ag 4 Burnham Technical Scale for Assistants, 

ra 

Further particulars and application form will be 
sent by the undersigned on receipt of a stamped, 
adi foolscap envelope. Applications should 
be ~ A in to reach not later than 
T 30th November, 1954. Applications not 
on the em provided will be disregarded. 

E. C. SMITH, 
Principal. 
Sth November, 1954. E6500 





NORTH WESTERN GAS BOARD 
TRAINEE INDUSTRIAL GAS ENGINEERS 


my are invited from Junior 9 
INEERS or . ee ee Uni- 

the Ordinary or PHligher rtificate 
in Mec! 


neering, or equivalent qualifica- 
tions, for pensionable positions as TRAINEES in 
= — gas of Central 

East Lancashire, Liv 1, Manchester, North 
Chest South 


Groups. 

development of the use of town’s gas in industry and 

for central heating, steam raising and other processes. 
Some experience in heat process calculations would 


me De; 
hanical” 


on receipt of initial inquiries 14th Decent 





THE WATER RESEARCH 
ASSOCIATION 


DIRECTOR OF RESEARCH 


The Water Research Association, tex 
stituted by the water supply Undertakings 
Britain for the purpose of initiating an 
out research, both applied and fundan 
problems in the water su; ply industry, 
cations for the post of DIRECTOR O 
at a salary within the range of £1750 wi iY 
annum (with superannuation F.S.S.U,). 

Candidates should give full details of their 
qeawneations. training, experience and 

r ability to build up and direct a resear 
and staff.—Applications should be sent toi 
Secretary at 34, Park Street, London, W\, 
“Director of Research” on the Outside 
corner, on or before the 26th November, i% 


4 





DESIGNING DRAUGHTSMAN, G 


EAST AFRICAN RAILWAYS 
HARBOURS ADMINISTRATIO 


DESIGNING DRAUGHTSMAN, 
d by the East African Railways and 





= an advantage, but training and g would 
iven. 
he work is primarily of a technical nature and 
is of wide scope and interest due to the increasing 
d for fuel th inside and outside 
~ Lapa 
e salary will be d i 
m. .. pte im By and will be othe ‘Gets A.P.T. 5/6 
(£500-£610 per annum), with prosp of pr 
Detailed applications, stating the Group(s) pre- 
ferred, and giving the names two referees, should 
reach the Secretary, N.W.G.B., 60, Whitworth 
Street, Manchester, 1, within 14 days. E6478 





lik 











ST. PANCRAS BOROUGH COUNCIL 


BOROUGH ENGINEER AND SURVEYOR'S 
DEPARTMENT 


APPOINTMENTS 


Applications invited for following appointments 
in Borough Engineer and Surveyor’s Department :— 

(a) TECHNICAL ASSISTANT. A.P.T. Grades 
I-IV (£490-£625). aoe ing 
to qualifications and e: 
(b) Two JUNIOR ASSISTA ‘ANTS (one permanent 
and one ar in drawing-office. General 
Division (£190-£470, commencing salary according 
to ce, Applicants should have completed National 


tI Ai, 


weighting a! ing to 

age. =] housing. entcrren ny with full details 

qualifications and experience, and names of three 
—-s to reach undersigned by 20th November. 

yee related to any member or senior 


R. C. E. AUSTIN, 
Town Clerk. 


E6400 





St. Pancras Town Hall, 
Euston Road, London, N.W.1. 





COUNTY BOROUGH OF 
EAST HAM 


ENGINEERING ASSISTANT GRADE V 


‘mre ASSISTANT, Grade V, £620- 


London Weighting is paid in addition. Salary in 
minimum may be paid according to 
qualifications and experience. 

A subsistence spwates may be granted over a 
reasonable period to the person appointed if unable 
to obtain suitable hor accommodation, neces- 
sitating the maintenance of two homes. 

details lication forms returnable 
26th November, 19: from the Town Clerk, 
Hall, East Ham, Es. R E6493 


Administration for one tour of 40/48 mo 
prospect of permanency. Salary scale 
temporary sacbente of 35 per cent. of 
rising to £1012 a year. Free quarters or an 
in lieu. Outfit allowance £30, free passa 
leave on full salary. Candidates must haw 
full apprenticeship to locomotive or 
ngineering, and have had mechanical a 
British Railways or a locomotive bui 
must have at least three years’ drawing-oly 
ence in the ign of locomotives and ¢ 
ponents, and must also have experica 
mechanical handling equipment in use ai} 
railway —Write to the Crown 
Millbank, ndon, S.W. ° State age, name 
letters, full qualifications and experienc, 
M2A/30519/EH. 





DEPUTY PRINCIPAL 


GOVERNMENT TECHNICAL INSTI 
BRITISH GUIANA 


DEPUTY PRINCIPAL required by th 
ment Technical Institute, British Guiana, for 
ment on contract for three years in the fini 
Salary og to per td a year g uding} 
temporar lowance o a year W 
rate of £225 a year. Free passages, liberi 
full salary. Candidates must hold a C. al 
Technological CO me or H.N.C, in Eig 

Mechanical or a similar 4 
and have had wie iniam industrial and teaching cy 
They must be able to undertake lectures a 
up to the standard of the H.N.C. and thed 
tions for the ay ay Institutions.—' 
the Crown Agents, illbank, 

State age, name in blade letters, full qual 
and experience, and quote M2A/30288/EH. 





COUNTY BOROUGH OF R 


WATER DEPARTMENT 


APPOINTMENT OF JUNIOR 
ENGINEERING ASSISTANT 


Applications are invited for the above 
ment. Salary A.P.T., Grades II-III (4 
according to qualifications and experience. 
Joint Council conditions apply. A” 
subject to (a) passing of a medical ¢ ni 
superannuation purposes, and (b) de mi 
one month’s notice. 

Applications, stating age, quali cat 
experience, with copies of recent testimo 
names of Bn En oome joo rhe be Lee 
Engineer anager, , The Forbury, 
by 9th December, 1954. 
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** Comet ” Court of Inquiry 


Tue discussion of technical evidence at the 
court of inquiry into the “ Comet” disasters 
continues at Church Hall, Westminster. On 
Tuesday of last week, Sir Arnold Hall stated that 
if a thicker gauge skin was used and there was 
some strengthening of the fuselage and wings, 
the aircraft could go back into service. Lord 
Brabazon, chairman of the Air Registration 
Board, referred to the decisions made in connec- 
tion with the airworthiness of the ‘*‘ Comet ” 
and stated that if every type of aircraft were 
grounded that had experienced an unexplained 
accident, there would scarcely be a machine in 
the air. He later pleaded that it was metallurgy, 
not aeronautics, that was in the dock. Later in 
the week, Dr. Walker, of the Royal Aircraft 
Establishment, maintained that without know- 
ledge of the disasters and based solely on the 
structural tests carried out, the R.A.E. would 
probably not have agreed to the .aircraft 
flying beyond 2700 hours. Based on that 
figure, it would have regarded the Elba 
“Comet ”’ as definitely in danger and the Naples 
Tea “Comet” as either in danger or approaching it. 


















ns @ Dr. Walker then went on to suggest, with regard 
ada to fatigue testing, that there had been a lack of 
ema co-operation between the R.A.E. and the makers 
0 ome ©=of the craft when they were first made. On 
tsi Monday last, the court again considered the 
nd theory advanced by Mr. Jablonsky that the 
nam “Redux” bonding had failed because of the 
si expansion/contraction cycle of the skin. He main- 


tained that in all three ‘“‘ Comet ’’ disasters the 
aircraft had been subjected to tropical heat when 
the adhesive strength could drop by 50 per cent. 
6 He agreed with Sir Arnold Hall that the cause 

of the disaster was the bursting of the cabin due 
fs to an inherent weakness, but did not entirely 


—. accept the influence of fatigue in the metal alone 
- as a primary cause of that explosion. 

and 

ae Central Research Laboratory of the 

ran Permanent Magnet Association 

Ly Last Monday we visited the central research 
al ¢ laboratory of the Permanent Magnet Association, 


wil §6©6Brown Street, Sheffield, to see the recently 
dt completed extensions to the laboratory building. 
rr It may be recalled that for many years before 
. the existence of the present building the research 
+ effort of the Permanent Magnet Association 

was carried out on a co-operative basis by inves- 

tigations in the works laboratories of the mem- 

bers. Centralised research by the P.M.A. dates 

back to 1941, when accommodation was made 
‘ available temporarily in the Physics Department 
of the University of Sheffield. With the com- 
pletion of the first storey of the present building 
in 1946 facilities were provided for pilot manu- 
facture and treatment of magnet castings ; 
laboratories were equipped for chemical analysis 
and metallographic and physical work ;_ there 
was also a workshop for the making of laboratory 
instruments and apparatus. Office space and 
library and conference facilities were, however, 
inadequate and a second storey was, therefore, 
built. Our tour of the establishment showed 
us how it is equipped and organised, under 
its director of research, Mr. J. E. Gould, to work 
on the development of improved magnetic alloys 
and to study the composition and heat treatment 
of alloys, with a view to improving the quality 
and yield of manufacturing processes. On the 
NA ground floor there is a pilot plant comprising 
r a foundry, with a 35kVA high-frequency melting 

furnace capable of making ingots of up to 20 Ib, 
and there is moulding and core-making plant 
for the manufacture of castings. The adjoining 
workshop is equipped for fettling, grinding and 
general machining. Electric furnaces are also 
installed for the heat treatment of samples up to 
1350 deg. Cent. The main heat-treatment room 
is on the first floor where there are a number of 
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electric furnaces, some of which are equipped 
with electronic controllers and recorders. The 
magnetic and mechanical properties of materials 
are measured and investigated in the physics 
laboratory on the ground floor. Here the 
apparatus includes a Sucksmith balance for 
determining the magnetisation of specimens at 
various temperatures. An improved and direct 
method has been developed for the ballistic 
testing of permanent magnets. A torque mag- 
netometer has been devised for measuring the 
rotational hysteresis of specimens, the practical 
importance of which is growing with the increased 
interest in hysteresis motors as components of 
servo and gyro systems. Another useful line of 
investigation being carried out in the physics 
laboratory is concerned with the effect of low 
temperature on the stability of permanent 
magnets and we witnessed a demonstration which 
showed that a specimen of “ Alcomax III” 
underwent a loss in magnetisation of 1-2 per 
cent on being cooled from room temperature to 
—75 deg. Cent. The general task of the chemical 
laboratory is to make routine analyses of casts 
and of raw materials used in the foundry and to 
evolve new methods’ for analysing complex 
magnetic alloys. Accordingly the laboratory is 
well equipped to practice modern techniques of 
gravimetric, volumetric and absorptiometric 
analysis. For the metallurgical examination of 
samples the equipment includes a photographic 
microscope. On the second floor there is a 
store-room and a spare laboratory, providing 
some space for further expansion. 


Safety in Farm Machinery Operation 


AT a meeting of the Institution of British 
Agricultural Engineers, which was held in 
London on Tuesday last, there was a discussion 
on safety in the operation of farm machinery. 
The subject was introduced by Mr. J. C. Gough, 
chief machinery inspector of the Ministry of 
Agriculture, who presented some statistics of 
accidents on farms in the years 1949-1952. The 
figures showed that in the fatal and non-fatal 
accidents arising from the use of machinery, the 
majority occurred with tractors. Mr. Gough 
said that many of these accidents were associated 
with the actual movement of tractors, rather 
than with particular working parts, such as 
power take-off shafts. He wondered if any- 
thing could be done in the way of design 
to improve the stability of agricultural tractors. 
Mr. H. E. Ashfield, who spoke from the 
machinery designer’s and maker’s point of view, 
suggested that it was impossible for a manufac- 
turer to say just at what angle a tractor could be 
safely operated. He felt, however, that there 
were several ways in which manufacturers 
could contribute to the safer operation of farm 
machinery. Among them he mentioned the 
provision of guards around belt pulleys and 
over power take-off shafts and also the provision 
of a hand-operated clutch at the back of a 
tractor. He thought it should be borne in mind, 
however, that there were some implements 
fitted to tractors which did not always assist 
their safe operation. Another speaker was 
Mr. B. Ungerson, an industrial psychologist, 
who recalled the claim that accident proneness, 
though largely inherent, could usually be over- 
come by instruction and training. He claimed 
also that good industrial relations led to a reduc- 
tion in the accident rate. Mr. D. R. Bomford, 
who is an engineer and a farmer, said that farm 
machinery should be made as safe as was reason- 
ably possible, but he thought that farm machinery 
could never be made absolutely safe! The 
problem of safety in operation, he believed, was 
almost entirely an educational one. In summing 
up the discussion, the president, Mr. D. P. 
Ransome, expressed the opinion that agricultural 
machinery was probably the most dangerous 
class of machinery produced. But, Mr. Ran- 











some said, if legislation was introduced, along 
the lines of the Factories Acts, it would be 
difficult to enforce it in view of the extensive 
and remote areas that would have to be covered 
by the necessary inspectorate. 


Helicopter Airworthiness Certificate 

Tue Air Registration Board has issued a full 
Certificate of Airworthiness for the Westland 
“§$-55”’ helicopter, following the successful 
completion of all performance trials and a period 
of intensive operating experience in the hands of 
an independent operator. This is the first 
British-built helicopter now in production capable 
of carrying eight passengers and their baggage, in 
addition to a crew of two, for which a full 
Certificate of Airworthiness has been issued. The 
certificate covers all categories of operation: pub- 
lic transport for passengers, public transport for 
mails; public transport for goods, private flying, 
aerial survey work, demonstration, and crew fami- 
liarisation. At the moment, the “ S—55 ”’ is the 
biggest British helicopter now being delivered 
to the three Services and to operators overseas. 
It has only one lift rotor. Although the machine 
is powered by a Pratt and Whitney “* Wasp ” 
engine it may later be replaced by a British engine 
now under development. It has all-metal main 
and tail rotor blades which give maximum 
durability in all climates, and the main rotor is 
so positioned that while it is still turning 
passengers may embark and disembark in 
safety, and military operations can be conducted 
in jungle and scrub without risk of damage to 
the blades. The all-up weight of the aircraft is 
7500 lb ; it has a maximum speed of 110 m.p.h. 
and a normal cruising speed of 90 m.p.h. Manu- 
facture of the prototype components of the 
Westland ‘“‘ S—55 ” was started in 1951, and since 
the first production model was delivered to the 
French Navy nearly fifty machines have been 
built and delivered, either to the Forces or to 
civilian operators. Five “‘ S-55s ” were recently 
delivered to British and Norwegian whaling 
companies and will operate from factory ships 
during the forthcoming whaling season. An 
order approaching 100 of the military version 
has been placed by the Ministry of Supply and 
some twenty of these have already been delivered. 
The issue of this certificate coincides with the 
delivery of the first of two machines to British 
European Airways, which is to operate a heli- 
copter service from London Airport and Waterloo 
starting next April. 


International Committee on Terminology 


A COMMITTEE consisting of representatives of 
nine nations has recently concluded: a session at 
Vienna, at which industrial terminology has been 
discussed. The meeting was held under the 
egis of the International Organisation for 
Standardisation, and Dr. L. Hartshorn, Professor 
R. O. Kapp, and Mr. Gordon Weston, who is 
the technical director of the British Standards 
Institution, attended as the representatives of 
the United Kingdom. During the meeting, it 
was explained that the various committees of 
the International Standards Organisation were 
preparing standard terms in their respective 
fields in the hope that, ultimately, what would 
amount to a series of multilingual vocabularies 
covering the whole industrial field might become 
available. The Vienna meeting was the second 
which the terminology committee has held. 
The committee’s particular task is that of deter- 
mining certain general principles for the pre- 
paration of the glossaries. Those principles, it 
has been stated, will bear on the choice and the 


formulation of standard terms and definitions, 


on certain aspects of presentation such as index- 
ing, and on the procedure to be followed in the 
preparation of standard terms, glossaries, vocabu- 
laries and dictionaries by national and inter- 
national bodies. 





THE ENGINEER 


Plane Frame for Testing Structures 


By J. C. CHAPMAN,* Ph.D., A.M.LC.E., and S. R. SPARKES,* Ph.D., M.Sc., 
A.M.1.C.E., M.1.Struct.E. 


This note describes an internally equilibrated two-dimensional testing frame which 
is in use at Imperial College. The frame is designed to apply loads up to a maxi- 


mum of 100 tons. 


Structures having overall dimensions up to 22ft by 8ft can be 


accommodated. 


HE frame described was built primarily 
for a series of experiments on box 
girders, but the frame and loading appliances 
have also been designed so that they may be 
readily adapted for other structures. The 
frame is rectangular and welded throughout. 
The internal dimensions are 22ft by 8ft and 
the whole of this space is available for the 
structure under test (Fig. 1). The members 
of the frame are 22in by 12in “I ”’-sections 
with flanges lin thick and jin webs. The 
central part of each horizontal member is 
reinforced by flange ‘‘ cover plates,” placed 
inside the flanges in order to avoid obstruct- 
ing the outer surfaces. The webs are suffi- 
ciently thick to withstand a concentrated load 
of 100 tons at any point, and the stiffeners 
are intended only to stabilise the flanges. 
After fabrication of the four frame members 
but before they were joined at the corners, 
the outer surfaces of all flanges were machine¢ 
to provide a true bearing surface.. The end 
supports, which are bolted to the frame, are 
of light construction since they are required 
only to sustain the dead weight of the frame 
and specimen. Adjustment of level is pro- 
vided by threaded bars which pass through 
the floor of the laboratory and serve as 
holding-down bolts. 
The load is applied by hydraulic com- 
pression jacks mounted on the underside 


of the lower frame girder, and pressure is 





* Civil ineering Department, Imperial College of Science 
and Technology. 


Fig. 1—The 100-ton loading frame accommodates structures up to 22ft by 8ft 


supplied by a variable-flow pump (Fig. 2) 
having a range of 0 Ib to 6000 Ib per square 
inch. Movement of the rams of the jacks 
under gravity is prevented by counterweights. 
The load from a jack is applied through a 
cylindrical bearing to a slotted cross girder, 
which in turn transmits the load to high- 
tensile steel bars passing through the slots 
(Fig. 3). The bars are loaded concentrically 
by means of a self-aligning anchorage 
(Fig. 4), consisting of a slotted cylindrical 
bearing in which the end of the bar is a 
sliding fit ; a lin diameter pin passes through 
the cylinder and a hole in the bar, and thus 
direct tension only is transmitted to the bar. 
The full cross-section of the tension bars is 
24in by lin but they are reduced in section 
over most of their length in order that a 
measurement of their extension (by dial 
gauges placed on either side of the bar 
(Fig. 3)) should provide a means of measuring 
the load which they transmit. The bars are 
designed to carry 25 tons each and the 
extension over the measured length is then 
0-14in. As the dial gauges measure to 
1/10,000in, this provides a very sensitive load 
measuring device, one division on a gauge 
corresponding to a load of 40 lb. The 
vertical bars of 4in diameter (Fig. 2) support 
the cross girder during erection or in event 
of failure of the loading links, and they 
remain slack during loading. 

The load is transmitted to the specimen 
through double-fork links and lin diameter 


Fig. 3—Detail of loading system 


pins to bars which are bolted to the specimen, 
The loads are reacted on the upper side of 
the specimen by 24in by lin bars, and adjust- 
ment of length is provided by double straps 
with holes drilled at 2in centres. The upper 
ends of the adjustable bars pass through 
self-aligning anchorages on the upper flanges 
of the top cross girders, which are supported 
on cylindrical rocker bearings. Safety bars, 
which are quite slack during loading, pass 
through the slots in the lower flanges of the 
upper cross girders, and the specimen itself 
is similarly supported during erection, and 


Fig. 2—Variable-flow pump and strain measuring equipment 
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against possible failure, by vertical hangers 
ateitherend. = 

All the tension links and shear pins are of 
Vibrac 77-ton steel. having a yield point 
of 70 tons per square inch, and the welding 
of the frame is of the highest quality 
throughout. The maximum design load of 
100 tons has been applied between the 
centres of the horizontal members, and the 
frame behaved elastically. 

The tension links and fittings have been 
designed to be interchangeable with the 


Locating Spigc: 
for Cross-girder 





1” dia. Hole 


Fig. 4—Self-aligning anchorage 


links of the space frame which was described 
earlier.* The parts are machined to close 
limits in order that bearing stresses should 
be evenly distributed and bending of 
the pins should be reduced to a minimum. 
All the linkages have been tested to 10 per 
cent overload without being overstrained. 
The corners of the frame are of orthodox 
design with a single diagonal stiffening plate. 
The transmission of bending moment around 
such a corner is of some interest and strain 
measurements are being made in order to 
determine the distribution of stress near the 
corner. From purely statical considerations 
it would be supposed that the force in the 
diagonal plate was about V.2 times the force 
in the flanges, but preliminary strain measure- 














ee . L<~ Specimen 
es 
ater: 
ae 
; ~ 
ce 
[ et hing Roller 
‘ol 
Spreader 


Girder 








Fig. 5—Compressive loading system 


ments show that the stress in the diagonal 
plate is much smaller than that in the inner 
flanges and diminishes to a very small value 
towards the outer corner. Clearly the web 
plays a large part in the transmission of 
bending moment, but the strains which have 
so far been recorded indicate that the design 
Stress is not exceeded. 


oad Frame for Testing Structures.” B. H. Falconer and 
S._R. Sparkes. Tue ENGINEER, December 26, 1952. 
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One purpose of the essentially tensile 
loading arrangement is to ensure that a 
specimen is loaded by purely vertical forces. 
Where the specimen is a beam to which 
bending moments are to be applied, it is 
desirable that there should be no horizontal 
restraint, and this is very difficult to achieve 
where the loads are applied by compressive 
forces. In that event the load is normally 
applied through rollers, and even where 
hardened steel is used some indentation 
of the pad on which the roller rests is 
bound to occur, and this necessarily results 
in unwanted horizontal forces being 
applied to the specimen. Where the loads 
are applied through long tension bars as in 
the present loading frame, the horizontal 
force is only that which is due to the very 
small horizontal component of force in the 
hangers consequent upon the elastic elongz- 
tion or shortening of the specimen. This 
force is extremely small and could be calcu- 
lated if required. Even if rollers were 
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Fig. 6—Tensile loading system 


sufficiently effective in the longitudinal direc- 
tion, they would give rise to unwanted 
restraint in the transverse direction, and the 
tension loading also avoids this difficulty. 

A further disadvantage of loading in 
compression is that one point on the specimen 
must remain fixed in order that the system 
should be longitudinally stable, and since 
this point can seldom be on the axis of 
symmetry the lengths of the lever arms, 
and hence the applied moments, are likely 
to change appreciably, due to elastic defor- 
mations of the specimen. Where tension 
loading is used it is unnecessary to provide a 
fixed point, since the system is inherently 
stable and the relative dimensional changes 
in the loading system due to elastic deforma- 
tions of the specimen are then reduced to a 
minimum. 

Where it is required to apply bending 
moment to a wide specimen such as a box 
girder it is usually necessary to apply the 
load through cross girders supported only at 
their centre points (Fig. 5) in order that small 
dimensional inaccuracies in the specimen 
should not cause unwanted torsional forces. 
A compressive loading system is then, at 
best, statically stable only after a small load 
has been applied, and becomes elastically 
unstable when the “critical” load of the 
system is reached. There is also likely to be 
great difficulty in arranging the system prior 


-to loading. The tension system is stable under 


zero load and there is no difficulty in 
setting up; furthermore, the load can be 
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returned completely to zero after each load- 
ing cycle without dislocating the system. 
Although all four cross girders are sup- 


ported on rocker bearings, the system 
described is stable, since a small tilting of 
the specimen would throw the upper and 
lower loading links out of alignment, and 
the tension in the bars then provides a 
restoring couple (Fig. 6). This would not 
be the case if the upward and downward 
loading forks were all attached at the same 
level to a specimen ; the system would then 
be in neutral equilibrium, and in order to 
achieve stability it would be necessary to 
replace one of the rockers by a flat bearing. 
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Sea Water Tests on 
Titanium 

COMMERCIALLY pure titanium has, in addition 
to a high strength-to-weight ratio, a notably 
good resistance to attack by a large number of 
chemicals. The apparent immunity of titanium 
to corrosion by sea water has been established, 
both in jet impingement and immersion tests. 
As Dr. Dorey! pointed out in his presidential 
address to the Institute of Metals, the remarkable 
resistance of titanium, in the high-purity form 
or with small alloy additions, to severe attack 
by both hot and cold sea water has aroused the 
interest of the marine engineer. A paper by 
H. B. Bomberger, T. J. Cambourelis and G. E. 
Hutchinson? records additional information on 
titanium, and on a number of materials used as 
controls, which have been exposed since midsum- 
mer, 1948, to a marine environment at the Kure 
Beach test station of the International Nickel 
Company, Inc. Commercial titanium appeared 
to be completely unaffected in these tests. In 
long-time tests designed to show susceptibility 
to sea water immersion, erosion, crevice corro- 
sion, contact with dissimilar metals, stress 
corrosion and corrosion fatigue, no noticeable 
effect was observed on titanium. It showed no 
loss of weight when subjected for thirty days 
to the action of a submerged jet of sea water 
containing 2-4 per cent by volume of entrained 
air at a velocity of 12ft per second and an average 
temperature of 23-5 deg. Cent. Specimens 
whirled in sea water at 30ft per second for sixty 
days suffered negligible attack. Titanium has 
an unusually high resistance to cavitation 
erosion. In testsfor crevice corrosion, there was 
no evident attack on titanium in circumstances in 
which austenitic stainless steels were strongly 
affected. There was no difference in the endur- 
ance limit in sea water and in air, and tensile 
specimens of yield strength 46 tons per square 
inch were exposed under static loads of up to 
35 tons per square inch for five years without 
sign of failure. In a marine atmosphere and in 
sea water tests, there were no indications that 
titanium suffered in any way as a result of being 
in contact with commonly used metals and alloys. 
Titanium coupled up to Inconel, silver and 
austenitic stainless steels had a negligible effect 
on the corrosion rates of these materials, but 
the rates of corrosion of Monel metal, copper, 
low-carbon steel and aluminium alloys were in 
some cases more than doubled. In employing 
titanium in structures subject to corrosion, the 
usual precautions will have to be taken to avoid 
incompatible combinations, but this further 
evidence confirms Dr. Dorey’s view that the 
mechanical properties and corrosion resistance 
of titanium are of such a high order as to render 
it suitable for many applications in marine 
engineering. Its actual use must await the 
solution of problems associated with its economic 
production. 
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Elementary Treatment of the 
Polyphase Induction Motor 


By J. E. PARTON,* Ph.D., M.1.E.E. and O. K. GASHUS,* B.Sc. 


The constant-flux theory of the induction motor gives torques which may be two or 
three times as great as actual torques and starting times which are only a fraction 


of the measured times. 


Here we discuss these errors and, for students, advocate 


the use of the approximate equivalent circuit for all calculations. This process 
gives reasonably near results, and it conforms to the usual form of circle 
diagram given to students. 


HE use of the equivalent T-circuit, 

Fig. l(a), for obtaining the performance 
equations of a polyphase induction motor 
operating under balanced, steady-state con- 
ditions, is well established, and the derivation 
of the circuit is given in most standard text- 
books.’ Unnecessarily complicated formule 
arise from the T-circuit, and the establish- 
ment of the corresponding circle diagram 
requires a detailed knowledge of inversion 
and /oci not usually possessed by engineering 
students. 

For these reasons, it is often found con- 
venient to ignore the voltage drop due 
to the flow of shunt current J, through 
the primary leakage impedance Z,. This 
corresponds to misplacing the shunt admit- 
tance Y, across the supply as shown in 
Fig. 1(5), which is the approximate equivalent 
circuit. 

In both of these equivalent circuits, the 
back e.m.f., E induced in each phase of the 
primary winding by the useful air-gap flux 
per pole varies with the load current due to 
the voltage drop in the primary leakage 
impedance. 

In the still simpler “‘ constant-flux ” analysis 
often given to students,** the useful air-gap 
flux is assumed to be constant, and the 
induced e.m.f., E is then always equal to 
the applied voltage V. This approach 
entirely ignores the presence of the primary 
leakage impedance which carries the full 
input current, and it corresponds to the use of 
the constant-flux circuit, Fig. 1(c). 

Admittedly this gives a ready means of 
presenting to the student the mode of action 
of the induction motor, more particularly 
how the torque varies with the slip. Unless 
specifically counteracted, however, an 
impression is left with the student that the 
refinement of including the primary leakage 
impedance is in the nature of a 5 per cent 
correction. In fact, results calculated from 
the constant-flux theory can often be greater 
than the experimental values by 100 per cent 
or more. The magnitude of these errors 
does not appear to be widely appreciated, 
however, for problems based on the constant- 
flux theory are still often presented to 
students. 

Some years ago, L. H. A. Carr* emphasised 
the desirability of using equivalent circuit 
and circle diagram solutions of the induction 
motor which are consistent with each other 
and the wisdom of this advice has been 
clearly demonstrated over several teaching 
years. For this reason, the approximate 
equivalent circuit, Fig. 1(b), is advocated 
for students ; it avoids the complications 
of the T-circuit and the large errors of the 
constant-flux circuit. Also, it corresponds 
exactly to the form of the simple circle 
diagram, as it is usually given to students.® 
Values calculated from the approximate 
equivalent circuit are usually within a few 
per cent of those given by the T-circuit. 

It is the object of this short article to 
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compare performance equations derived from 
the constant-flux and approximate circuits 
so as to emphasise the errors arising from 
the use of the former. Analytical results 
will be compared to those measured experi- 
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Fig. 1—Equivalent single-phase 
induction motor corrected for 1/1 turns ratio 


mentally upon a 3 h.p., three-phase induction 
motor, typical of those in many teaching 
laboratories. 


ANALYTICAL RESULTS — 


There are many different aspects of the 
operation of an induction motor which 
might be examined ; two only will be given 
here, the torque-slip and starting time 
expressions. 

Torque-Slip Relation—For the constant- 
flux theory, this is easily obtained by con- 
sidering Fig. l(c). An m-phase, 2p-pole 
induction motor fed at V volts per phase at 
an angular frequency w(=2x/) has a torque 


_mpv* (7, 
~ Qewx, * \a*+s* 
in which a is the ratio of rotor resistance to 


leakage reactance r/x2, at standstill. 
This has a maximum value 


) newton-metrest . 





mpV* 
Tne Faz @) 
which occurs at the slip 
Smaz=TelX%e=Q (3) 
so that equation (1) is often written : 
(7/Tnaz)=2as|(a*+s*) . (4) 


__The corresponding equations obtained 





+t To convert to lb-ft units, if required, use the relation 550Ib-ft 
= 746 newton-metres. 
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from the approximate equivalent circuit, 
Fig. 1(5) are, 








,__mpVv* [ 2as 
= 2X2 : ath rato] (3) 
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a 
~ Vie +0 +o) - () 
and 
a —_ 2481b+-V 8 +(1 +0") 
T/T 'mas= (a+bs)}?+(1+c)}*s* - @ 





In these, a=re/Xg, b=1/X2, C=X, Xp, and 
the prime indicates values obtained ‘rom the 
approximate circuit to distinguish them 
from those for the constant-tiux circuit 
These equations can be reduced to the firy 
four by simply writing b=c=0. 

It is interesting to note that as for the & 
constant-flux theory, the maximum torque 
is independent of the rotor resistance (p, 
and a). So that a slipring motor in which x, 
is fixed and r, has various values (for instance 
by adjusting an external resistance) will have 
a family of torque-slip curves all with the 
same maximum values, but occurring a 
different speeds. 

Before comparing these two sets of equa 
tions with experimental results, it is worth 
while noticing that by ignoring the primary 
resistance (r,=b=0) and taking the simple 
case of equal primary and secondary leakage 
reactances x,;=x, and c=1, the maximum 
torque obtained from the constant-flux 
theory is exactly twice as large as that given 
by the approximate circuit. Likewise, the 
slip at which this maximum torque occurs 
is also twice as great in the former case. 

Starting Time Equations.—A recent book 
by T. F. Wall® develops expressions for the 
accelerating and decelerating times for an 
unloaded induction motor on the basis of 
what is referred to as the “ Kloss ”’ formula, 
which is, in fact, equation (4) expressed a 
little differently. 

Having an expression for the variation 
of torque with slip, and knowing the effective 
moment of inertia of the rotor, an expression 
can be developed for the time taken to 
accelerate (or decelerate) from slip s, to 
slip So. 

Suppose T=/f(s) is an expression for the 
net torque allowing for friction and windage 
torque, and ,, is the angular speed of the 
rotor in mechanical radians per second, then 
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is the equation of angular acceleration, 
and the time required is 


o ("ds 
tu=J . r [% . 


For the constant-flux theory, f(s) is given 
by equation (4) Tmaz . 2as/(a*+-s*), ignoring 
friction and windage torque. Substituting 
this in equation (9) gives 


ty= aT [ah(2!) + Hs," — s:)| . (10) 


Similarly, for the approximate circuit, 
equation (8) gives 
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t The symbol /n denotes natural logarithm 
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in which d°=b*-+(1+-c)* has been introduced 
for convenience. Substituting this in equa- 


tion (9) gives 
od 1 As 
t= 527 'man * (+d) a3) + 2661-8) 
d* 2 | 
tas —S,*) : (11) 


Equation (11) will reduce to equation (10) 
on writing b5=0, c=0, and d=1, 

“ Expressions (10) and (11) are general so 
Jong as the correct slip limits s, and s, are 
inserted. The difference between these two 
expressions will be examined for the par- 
ticular motor tested experimentally. 


EXPERIMENTAL RESULTS 


The previous performance equations will 
be applied to an actual induction motor and 
the results compared with experimental 
figures. 

The machine used was a 400V, three-phase, 
50 c/s, sixepole induction motor with the 
following details. 

Stator—Normally delta connected, three 
separated phases were available for measure- 
ment, thirty-six slots, single-layer winding, 
eighteen coils of eighty turns per coil, coil 
pitch five slots (1-6), 480 turns per phase. 

Rotor —Single squirrel cage, forty-nine 
bars of rectangular section. 

Parameters.—For the approximate circuit, 
Fig. 1(£). All measurements and tests were 
carried out with 100V across each phase of 
the stator winding, allowing steady state 
torque measurements to be made without 
overheating the stator. 


r,=5-59Q per phase by d.c. measurement. 
x,:=14-3Q per phase by usual calculations.’ 


The primary leakage impedance was checked 
by measurements on the stator winding made 
when the rotor was removed. The value 
obtained gave Z,=(6-3+j15-1)Q per phase, 
which is sufficiently close to justify the use 
of the former. 

No-load admittance at 100V per phase, 
Y,=(1-36—j4-02) my per phase. 

Standstill impedance at 100V per phase, 
Z,=(11-69+-j32-69)Q per phase. 

As Z;=Z(Z,+Z.)/(Zo+Z,+Z;), the com- 
bined impedance (Z,+-Z,) can be determined; 
this gives 


(Z,+2Z_)=(13-83+j38-31)Q per phase. 


Subtracting the value of Z, from this gives 
the equivalent secondary leakage impedance 
as 

Z,=(8-+24+j24-01)Q per phase. 


The non-dimensional parameters are : 
a=0-3432, b=0-2328, c=0-5956, 
d=1-6125 and (b+d)=1-8453. 


TORQUE-SLIP CURVES 


Constant-Flux Theory, Fig. 1(c).—From 
equation (2), Tinae=5:96 newton-metres 
and it occurs at Smaz=0-3432, which corre- 
sponds to a speed of 657 r.p.m. The torque- 
slip curve calculated from equations (1) or 
(4) is shown in Fig. 2. 

Approximate Circuit, 


Fig. 1(6).—From 


| equation (6) T'mag=3-23 newton-metres 


and this occurs at a slip given by equation 
(7) s‘maz=0-2128 ; this corresponds to a 
speed of 787 r.p.m. The torque-slip curve 
calculated from equation (5) or from equation 
(8) is also shown in Fig. 2. 

_ Equivalent T-Circuit, Fig. 1(a).—Expres- 
sions for the torque-slip relation correspond- 
ing to Fig. 1(a) are not given here. However, 
the corresponding parameters have been 
deduced from the no-load and locked-rotor 
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tests and a torque-slip curve calculated from 
them. This is also given in Fig. 2 and it lies 
within a few per cent of the curve calculated 
from the approximate circuit. 

Test.—The stator of the motor was 
mounted in bearings and restrained by 
spring balances. The rotor was driven by a 
large-inertia d.c. motor whose speed could 
be adjusted as required. At a particular 
speed, the mains supply of 100V per phase 
was connected to the stator, and the torque 
it experienced was measured by spring 
balance. These torque values were corrected 
by adding to them the corresponding windage 
and friction torque values measured when the 


6 
Constant-flux 


Approximate Circuit 





1-0 0-8 06 0-4 0-2 0 
Slip 
Fig, 2—Calculated and experimental torque-slip 
curves for a 400V, three-phase, 50 c/s, six-pole 
induction motor tested at 100V per phase 


rotor was being driven and the stator left 
unexcited. In this way, the torque-slip 
curve over the range from rest to synchronous 
speed was obtained and this is also given in 
Fig. 2. 


COMPARISON OF RESULTS 
The torque-slip curve calculated from the 


constant-flux theory is some 150-250 per. 


cent greater than that obtained by test except 
over the small region near synchronism. 
On the other hand, the corresponding curves 
from the approximate-circuit and the T7- 
circuit lie only some 15-25 per cent above 
the experimental one for speeds below the 
breakdown point. Also for the latter pair 
of curves, the speed corresponding to maxi- 
mum torque (787 r.p.m.) is very much nearer 
the experimental value of 810 r.p.m. than is 
that given by the constant-flux theory (657 
r.p.m.). 

However, the measure of agreement be- 
tween exPeriment and approximate equi- 
valent circuit theory is not as good as 
anticipated, and no attempt has been made 
to investigate the causes of this discrepancy. 
This might, for instance, have been done by 
using the more exact practical theory of 
D. Morris. The results should therefore 
be taken as typical of those obtained by 
students using simple theories and a com- 
paratively small induction motor. 


STARTING TIME 


Simple tests were made to check the 
validity of the starting-time equations (10) 
and (11). To obtain the moment of inertia 
of the rotor it was removed from the stator, 
and a bifilar torsional oscillation experiment 
carried out upon it; this gave a value of 
0:0845kg.m? for J. 

After reassembly, the rotor was left 
unloaded. The time of starting from rest to 
900 r.p.m. with a 100V per phase supply 
was taken by means of a stop-watch. As 
a second check a “ plugging ’’ test was made. 
When the motor was unloaded and running 
near synchronism, the 100V supply was 
switched off and at the instant the speed 
fell to 900 r.p.m. the supply was again 
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switched on in reverse sequence and the time 
was taken for the motor to reach 900 r.p.m. 
in the opposite direction ; this is the plugging 
time. 

An electronic flashing stroboscope was 
used to fix the instants at which the rotor 
speed was exactly at 900 r.p.m. The means 
of the times of several such measurements 
were taken and they are given in Table I, 


TaBLe I—Starting and Plugging Times 











Starting. Plugging. 
Rest to 900/900 r.p.m. backward 
r.p.m. to 
s=1 to |900 r.p.m. forward. 
s=0-1 s=1-9tos=0-1 
| Sec Sec 
Constant flux, Taoz=5-96 Nm, 1-7 4°6 
Equation (10) 
Approx. circuit, 6-4 13-9 
wa Nm, Equation 
Experiment 6-0 12-5 











together with the times calculated from 
equations (10) and (11). 

These figures show that the results from 
the approximate circuit equation (11) are 
extremely close to those measured experi- 
mentally. The times given by the constant- 
flux theory are far too optimistic and the 
errors are very large. 


CONCLUSIONS 


Sufficient has been given, theoretically and 
experimentally, to show that the constant- 
flux theory used in early studies of the induc- 
tion motor is of very doubtful merit. The 
errors which it introduces are extremely 
large and lecturers who use it should be very 
careful to emphasise to students its very 
approximate nature. 

In fact, results from the constant-flux 
theory are so very far from the truth that 
it is preferable to restrict studies at an 
undergraduate level to the approximate 
equivalent circuit of Fig. 1 (6), which has 
many merits : (i) it is easily deducible after 
the study of the transformer equivalent 
circuit ; (ii) results agree reasonably well 
with experimental ones ; (iii) mathematical 
analysis is fairly simple and ; (iv) it corres- 
ponds exactly to the circle diagram as 
usually taught to students at this stage ; 
thus, results from the circle diagram and 
from calculations are consistent with each 
ether. 
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SuRFACE PLAtes.—Particulars have been received from 
Rubert and Co., Ltd., Chapel Street, Levenshulme, 
Manchester, 19, of a new range of surface plates that it 
is now making in eight sizes up to 18in square. These 
plates are made in close grained cast iron to conform 
to B.S. 817 in every respect, and they are ground and 
lapped to a high surface finish. If required, they can 
also be supplied ready grooved for use in precision 
lapping. The heavy ribbing on the underside of the 
plates is designed to form a central handle, by the use of 


which an operator can apply a balanced pressure on a 


plate when blueing or lapping work. Two side handles 
are provided for carrying purposes, and a three-point 
support is provided in the base by screws which can also 
be adjus' 


for levelling purposes when required. 
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Public Works Exhibition 


No. I 


dares products of nearly 300 firms will be dis- 
played at the Public Works and Municipal 
Services Congress and Exhibition, which will be 
held in London at Olympia from Monday next, 
November 15th, till Saturday, November 20th. 
The exhibition will be opened by Mr. Nigel 
Birch, the Minister of Works, and will provide a 
comprehensive survey of the contractors’ equip- 
ment of all kinds used by municipal and local 
government bodies in this country and overseas. 

In the course of the congress, being held ct 
the same time as the exhibition, some thirty 
papers will be presented for discussion dealing 
with widely different aspects of municipal organ- 
isation, including road materials, sewerage, 
traffic, housing, water supply, employee recruit- 
ment, and training, &c. 

We have received from a number of the 
exhibitors preliminary details of the equipment 
they will have upon their stands, and descriptions 
of some of the newer plant are given in the notes 
which follow. From these descriptions an 
impression will be obtained of the wide scope of 
the exhibition and of some of the developments 
which have taken place in this country in the two 
years since the previous exhibition, and with 
which we have not previously dealt. 


JOHN FOWLER AND Co. (LEEDS), LTD. 


A number of tractors and road rollers of 
different sizes is to be shown on the stand occupied 
jointly by John Fowler and Co. (Leeds), Ltd., 
and Marshall Sons and Co., Ltd., Gainsborough. 
A prototype model of a new wheeled tractor, 
shortly to be placed on the market by these 
firms, is illustrated in Fig. 1. This machine is 
designed for both agricultural and industrial use 
and is fitted with a Leyland six-cylinder, four- 
troke diesel engine developing 70 b.h.p. at 1100 
_p.m. In first gear it has a drawbar pull of 
6500 lb with a nominal speed of 24 miles an 
hour, and in its sixth gear a pull of 1500 Ib at a 
nominal speed of 15} miles an hour. If weights 
are used on the rear wheels the drawbar pull in 
first gear can be increased to 7000 Ib. 


RANSOMES AND RAPIER, LTD. 


A new tilting concrete mixer and the latest 
design of its } cubic yard shovel will be seen on 
the stand of Ransomes and Rapier, Ltd., of 


Fig. 1—70 b.h.p. diesel tractor with a drawbar pull of 6500 Ib in first gear 


Ipswich. The “* Rapier 424 °° § cubic yard shovel 
is supplied with interchangeable front end equip- 
ment for dragline, grab, dragshovel, skimmer and 
crane. In the latest design wider crawler tracks 
are fitted and the controls have been rearranged 
for easier operation. The machine is driven by a 
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shown will have capacities from 4000 to 48,0 
gallons per hour. The other exhibits will incjy, 
mobile cranes and fork-lift trucks. 









INTERNATIONAL HARVESTER COMPANY OF Grey 
BRITAIN, LTD. 







A majority of the equipment shown this Year 
by the International Harvester Company y 
Great Britain will have been made in the fim), 
works at Doncaster. A piece of new €quipmen, 
of interest is the ‘ Sterling’ hydraulic Seyari 
scraper, which is shown in operation in Fig, 2, and 
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Fig. 2—5-cubic-yard hydraulically operated scraper 


Perkins diesel engine through a fluid drive 
coupling transmission. 

The new concrete mixer with its capacity of 
5/34 cubic feet is the smallest tilting drum 
mixer now made by the firm. It is a hand- 
loaded machine with mixing and discharging 
positions on both sides. One of the company’s 
44 cubic yards capacity truck mixers will be 
exhibited fitted on a lorry and arranged for power 
take-off drive from the lorry gearbox. In this 
machine the spiral mixing blades are continuous 
from end to end of the drum, and are designed 
to give quick and complete discharge when drum 
rotation is reversed. 

The five sizes of self-priming pumps to te 






is designed for use with the International series § 
and 9 crawler tractors. 

This scraper has a struck capacity of 34 cubic 
yards and a heaped capacity of 5 cubic yards, and 
the maker states that hydraulic operation was 
selected for two reasons. One reason was that 
it was considered that cable-operated power con- 
trol units tended to overload the 35-50 h.p. trac. 
tors ; and the second was that positive hydraulic 
action improved the earth-moving performan: 
of tractors within that range. The scraper hasa 
mild steel plate bowl with a 6ft 10in by Ift 10in 
floor, and its tail gate is 3ft 3in high. A three 
piece reversible blade is fitted, which has a 3f 
centre section with a Ift 6in section at each end, 
to give a total width of 6ft. The blade is designed 
for a 9in depth of cut and a Ift 3in depth of 
spread. 

Hydraulic power for the jacks used for operat: 
ing the bowl lift, tail gate and apron is supplied 
through flexible pipes from the tractor used to 
haul the scraper. Two control levers are operated 
by the tractor driver. One lever is operated to 
raise and lower the bowl through the medium of 
two hydraulic cylinders. The second lever raises 
and lowers the apron, and after the apron is fully 
raised it operates the forward movement of the 
ejector plate under the full control of the driver 
to give quick dumping or fine grading as required. 

The scraper weighs about 6000 lb empty or 
19,000 Ib full, 45 per cent of the load being taken 
on the front axle and 55 per cent on the rear axle. 


















































WINGET, LTD. 


The * Poclain *’ lorry-mounted excavator made 
by Winget, Ltd., Rochester, is illustrated in 
Fig. 3. This machine has all its movements 
operated hydraulically, power being supplied by 
a 16 h.p. diesel engine coupled to a high-pressure 
hydraulic pump. A range of alternative front- 
end equipments can be quickly fitted. When the 
4 cubic yard face shovel is used the machine will 
dig down to 5ft 6in belovs ground level and dis- 
charge up to 13ft above the surface. Either 
4 or % cubic yard skimming buckets can be fitted 
for loading up to 10ft 6in above ground level. 
For digging vertical walled trenches to a depth of 
9ft a trench hoe can be fitted, and the same 
equipment is used to cut a curved section ditch up 
to 13ft wide by 9ft deep or a pipe trench 3ft 6in 
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wide and 7ft 6in deep close to the side of roads 
or walls. 

Another new machine on this firm’s stand will 
be the Winget-Parsons “* Trenchmobile,” which 
has been developed to meet the need for a 


Fig. 3—Lorry-mounted hydraulically-operated excavator 






and, with either of these two equipments, a 
working depth of 17ft is possible. 

The redesigned undercarriage frame of the 
machine is of a deep section folded construc- 
tion giving strength and rigidity without dirt- 


Fig. 4—0-625-cubic-yard excavator equipped as a drag shovel 





Road, London, S.W.3, incorporates many new 
modifications which have been introduced to 
improve performance, reduce and _ simplify 
mechanical maintenance and facilitate operation. 
The machine is now driven by a Perkins “ L4” 





cubic. reasonably small machine for cutting trenches gathering ledges and projections. A new, four-cylinder diesel engine developing 50 h.p. 
s, and and be capable of moving from site to site under simplified system of track adjustment employs a_ at 1450 r.p.m., and having a maximum torque 
n wa fe its own power. This machine will cut trenches screw jack and packers of varying thicknesses, of 165ft-lb at 1000 r.p.m. The machine exhibited 
s tha #2 from 8in to 16in wide in lin increments to a_ and eliminates the use of fixed adjusting screws. (Fig. 5) will be fitted with a face shovel attach- 
rcon/ depth of Sft. Cutting speeds are infinitely A strongly constructed steel cab, the upper ment which is interchangeable with a drag shovel, 
tra: [variable in three ranges forward and reverse, corners of which are chamfered to clear universal skimmer, dragline, grab, crane or pile-driving 
raul; the low range being up to 6ft per minute, the railway loading gauges, covers the driving equipment. 
nan: @ intermediate range to 11ft per minute, and the compartment and all machinery. When arranged as a face shovel a 15ft 9in 
hasa fe high range to 14ft per minute. The box-section welded steel boom is used with a 12ft 6in dipper 
t 10in H boom is telescopic for initial depth setting, the BLAw Knox, Ltp. stick, giving a discharge height of 20ft 9in. 
thre boom hoist being hydraulically operated with The ‘* BK-Fifty’’ 4 cubic yard capacity A fully racked twin tubular dipper stick works in 
a 3 positive down crowd. On the road, the machine excavator shown with the contractors’ plant conjunction with rope-driven pinions giving 
1 end, fF can travel at speeds up to 12 m.p.h. Its 42h.p. on the stand of Blaw Knox, Ltd., 94, Brompton powerful and accurate crowding. The bucket 
igned | diesel engine gives ample power for digging or 
th of M travelling, whilst the five forward and one reverse 
gears allow good flexibility either on or off the 
erat J site. 
yplied This firm’s recently introduced ‘ Skip-Lift ” 
ed to & portable high discharger is designed to eliminate 
rated @ the need for a raised discharge mixer within the 
ed to | limits of 14/10 cubic feet, and it can be used with 
moj any of the company’s tilting or non-tilting 
‘aises | mixers up to this capacity. 
fully It consists of a truck-mounted runway on 
f the & the rails of which a steel skip is hoisted or 
river & lowered through a 5 h.p. engine. The skip 
lired. & hoisting is effected through a double wire rope 
y or & Operating over large machined sheaves and 
aken & Pulling on a cross beam provided with flanged 
axle, & rollers engaging in the runway, and a pair of 
struts pivoted on pins on the skip cradle. The 
discharging height of the skip is 7ft 6in and all 
or part of its load can be discharged under 
complete control through the operation of a 
nade . 
i in single lever. 
rents PRIESTMAN BROTHERS, LTD. 
bal The “ Tiger V” excavator to be shown by 
i, Priestman Brothers, Ltd., Hull, for the first 
the time is illustrated in Fig. 4. This machine is 
will driven by a 57 b.h.p. diesel engine and is crawler 
dis. mounted on 18in or 24in tracks. It has a § cubic 
ther yard bucket capacity, and can be arranged as a 
‘ted crowd shovel, drag shovel, skimmer, dragline, 
sl grab, crane or pile driver, 
hol The machine will be exhibited as a drag shovel 
ane with a standard § cubic yard doorless bucket, 
ve with a cast steel lip and socketed teeth and 
-6in 4 cutting width of 36in. An _ alternative 





bucket is available giving a 30in cutting width 


Fig. 5—Half-cubic-yard excavator with face shovel attachment 
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door latch is tripped by an electric motor con- 
trolled by a push button on the head of the 
driver’s swing lever. With the drag shovel 
equipment an 8ft arm is fitted and a standard 
4 cubic yard bucket, used with its side cutters, 
has a cutting width of 3lin. A differential drum 
is mounted on the main boom in this case to 
give a step-up ratio of 2-1 to 1 for the bucket 
line pull which is transmitted directly by two 
ropes to the bucket bridle. This obviates need 
for a padlock sheave on the bucket and keeps 
it clear of obstruction at all digging angles. 
Drag shovel working can be carried out with 
this equipment from 13ft 6in above to 15ft 9in 
below ground level. 

A light-weight 4 cubic yard skimmer bucket 
can be used on a 17ft 10in boom on the machine. 
This welded box-section boom has wide, deep 
ways along which the bucket runs on hardened 
steel rollers, to give a 10ft long forward digging 
movement. In this case again a push-button 
controlled electric trip is used to release the 
catch on the bucket door. For dragline working 
with a 4 cubic yard bucket the standard 30ft 
boom of lattice design used can be fitted with 
5ft and 10ft extensions to give a maximum length 
of 40ft. The same boom is used when adapting 
the machine for crane operations or as a pile- 
driver. 

A new “ Super-12 ”’ heavy duty motor grader 
exhibited is fitted with an engine developing 
118 b.h.p. and has power-operated controls, a 
six-speed gearbox, fully revolving blade, a 90 
deg. bank cutting angle, and a wide vision cab. 


ATLAS DresEL CoMPANY, LTD. 


A recent addition to the portable air com- 
pressors made by the Atlas Diesel Company, 
Ltd., Wembley, Middlesex, is the machine illus- 
trated in Fig. 6, which has a free air delivery 





Fig. 6—Diesel-engine-driven portable air compressor 


of 37 cubic feet per minute at 80 lb per square 
inch. It consists of one of the firm’s standard 
two-cylinder, vee, single-stage, air-cooled com- 
pressors driven by an Armstrong Siddeley single- 
cylinder, air-cooled, four-stroke diesel engine 
developing 11-6 h.p. at 1610 r.p.m. The engine 
pulley is coupled by a centrifugal clutch to the 
flywheel to enable easy starting of the engine. 

The engine and compressor are mounted on 
two cylindrical air receivers which form the 
chassis, carried through a single axle and semi- 
elliptic springing on pmneumatic-tyred road 
wheels. Towing and braking equipment is 
fitted to permit the machine to be hauled at 
speeds up to 20 m.p.h. on roads. 

This company is also showing a number of 
other air compressors, including one of its 
recently introduced “ One-ten”’ portable com- 
pressors fitted on a four-wheeled chassis. These 
machines are driven by the Fordson industrial 
diesel engine and have free air delivery of 110 
cubic feet per minute at 100 Ib per square inch. 
Other exhibits on the stand will include a loader, 
rock drills, air hoists and paint-spraying equip- 
ment. 


Rotary Hoes, LTp. 


The ancillary plant designed for use with 
the “ Platypus”’ crawler tractors of Rotary 
Hoes, Ltd., East Horndon, Essex, will include 
a “‘ Bulloader ” loading equipment. This loader 
has a bucket with a struck capacity of 20 cubic 
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feet or a heaped capacity of 1 cubic yard. it 
is operated by double-acting hydraulic rams, 
which carry the bucket over from the loading 
position at the front of the machine to discharge 
it over the rear. The equipment is designed to 
dig to a depth of 9in below ground level and 
discharge at a height of 7ft 6in. 


AVELING-BARFORD, LTD. 


One of the dumpers to be shown for the first 
time by Aveling-Barford, Ltd., Grantham, is 
the 74 cubic yards capacity machine to be seen 
in operation in Fig. 7. It takes a payload of 
20,000 Ib and when fully loaded weighs 40,320 Ib. 
The six-cylinder Leyland diesel éngine of the 





Fig. 7—Heavy duty diesel-engine-driven dumper of 714 cubic yards capacity 


dumper develops 150 b.h.p. at 2200 r.p.m. and 
it drives through a four-speed gearbox in both 
directions of travel with a top speed of 21-8 
m.p.h. Two-way steering enables the ‘driver 
of the machine to face the direction of travel and 
retain the normal steering action when reversing. 

The body and frame are of heavy welded steel 
construction and tipping is effected by twin 
hydraulic two-stage telescoping rams which 
give power return of the body at the conclusion 
of tipping. A maximum tipping angle of 70 
deg. is attained in about sixteen seconds and 
the body can be held at any position within this 
limit. 

One of the road rollers shown by this firm will 
be a new machine which is built in two sizes with 
working weights (unballasted) of 2} tons and 34 
tons. It is powered by a two-cylinder vertical, 
water-cooled diesel engine which, driving through 
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a constant mesh gearbox gives the machine ty 
speeds—2 and 4:12 m.p.h.—in both foryay 
and reverse directions. The final drive js 
worm and wheel, the unit incorporating differey, 
tial gear which can be locked from the driving 
seat. 









GALION (GREAT BRITAIN), Lip, 


A new motor grader is now being mide in this 
country by Galion (Great Britain), Ltd, Thornes 
Moor Road, Wakefield, for lighter classes of 
earth-moving work where use of the firm's 100h» 
machine would not be justified on economi 
grounds. This new machine, “ Mode: 603,” ; 
powered by a four-cylinder diesel engin develop. 

ing 50 hip. at 14% 















r.p.m. 
The general design of 
the grader (Fig, 9) 





follows that of oth 
“Galion ” machines an4 
all its blade operations 
are hydraulically cop. 
trolled. Manual steer} 
is provided through the 
front wheels, which are 
fitted with tyres of the 
same size as the fou 
rear wheels. A chaip. 
driven tandem drive js 
employed on all foy 
rear wheels and the four 
forward speeds provided 
range from just over? 
m.p.h. in first gear to 
18 m.p.h. in top gear, 
The speeds are variable 
through the governor 
control, and they have 
been selected to enable 
the machine to operate 
efficiently under most 
conditions. The stand- 
ard mould board is 
10ft wide by 16zin high, 
its lift above ground being 12in, and the 
maximum side reach of the blade is 45in outside 
the front wheels. The blade may be turned 
through 126 deg. and a wide range of blade 
adjustments is possible. 



























FREDERICK PARKER, LTD. 





The largest machine displayed on the stand of 
Frederick Parker, Ltd., Leicester, will be a 
mobile “* Starmix No. 8 ’’ asphalt and bituminous 
mixing plant, with a capacity of 12-25 tons 
per hour. Also exhibited will be the small 
mobile “‘ Spot-Mix” asphalt and bituminous 
mixing plant, which, with its capacity of 5-10 
tons per hour, has been specially designed for 
road-patching, laying car parks, playgrounds, 
tennis courts and similar jobs. ; 


( To be continued ) 












Fig. 8—50 h.p. motor grader 
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Fuel Economy in Materials 


Handling 
By R. SOLT, B.Sc., A.M.LE.E., A.M.I.Mech.E.* 


This article is confined to the handling of materials in the iron and steel industry; 
it surveys the common practices and gives some comparative data on the use of 
fuel in transport and handling systems. The scale of the problems involved is 
illustrated by reference to the amount of handling which takes place in steel works. 
Once the plant has been laid down, fuel economies must be achieved by good main- 
tenance and by efficient operation and control of the existing facilities. In the 
case of a new works, the design of its layout and choice of equipment will determine 
the efficiency of the plant when it comes into operation. The service given by a 
transport or handling system may affect the fuel efficiency of the process it serves; 
this effect is shown to be important. 


HE problems of handling materials may 
Tre related to fuel economy in several 
ways. The present article deals with the fuel 
consumption of the handling equipment 
itself. 

Any attempt to discuss this subject is made 
doubiy difficult because there is at present 
no valid basis for comparing the fuel con- 
sumed in transport and handling at different 
works. Moreover, every transport system is 
essentially a service, and its efficiency cannot 
be measured without reference to the process 
it serves. This is also true in the field of 
fuel economy, where the efficiency of the 
transport and handling equipment and its 
organisation may affect the fuel consumption 
of the manufacturing processes themselves. 
This is the case, for instance, where a product 
is transported hot from one process to 
another: the longer the transit time, the 
more heat is lost and will have to be replaced 
later. Or, again, the fuel consumption of a 
hot process will usually rise if the process 
time must be extended, because the supply 
of raw materials is delayed by an inefficient 
transport system. 

Although these effects are here only men- 
tioned in passing, they are important and 
have been studied on their own account. 
This article, however, surveys some of the 
practices and gives such comparative data 
as are available on the use of fuel in transport 
and handling systems in the iron and steel 
industry. 

The importance of the subject can be 
gauged by the scale of the operations involved. 
The amount of handling incurred in the 
manufacture of finished steel is indicated in 
Fig. 1, a diagrammatic flow sheet of a hypo- 
thetical (but fairly typical) integrated plant. 

The figures in brackets are based on 
national averages, and represent the tons of 
material which must be handled from stage 
to stage of the process, for every 1000 tons 
of ingots made. 

Adding these figures, one finds that a 
total of over 10,000 tons of material has to 
be moved in the course of making 1000 tons 
of ingot steel, or 800 tons of finished product; 
in other words, nearly thirteen times the 
weight of the finished product must be moved 
in the course of its manufacture. This does 
not include the handling of raw materials 
into stock, nor any handling which would be 
involved if the works make their own coke 
or sinter, or prepare their coal and ore. 
Additional processes at the finishing end 
may include cold rolling, pickling, or. heat- 
treatment, all of which would call for still 
further handling. 

_ This large amount of transport and hand- 
ling obviously requires substantial equipment, 
and uses much fuel and power. Relative 
to other manufacturing costs, however, the 
transport fuel and power costs in a works 


* Operational Research Section, British Ir \d Steel Research 
Association. — 








are always small. The question of fuel 
economy in this connection is therefore more 
important from the point of view of fuel 
saving on a national scale than it is to the 
individual works on the score of money 
savings. How much fuel could be saved 
without impairing the efficiency of transport 
and handling services can only be estimated; 
the Ridley report on national policy for 
the use of fuel and power, puts forward a 
figure of 15 to 20 per cent of the present 
consumption as a possible saving on solid 
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Fig. 1 


fuel used for transport in industry at large. 
From the point of view of an individual 
works, transport costs may represent only 
about 5 per cent of the total conversion costs, 
and fuel costs amount to only a part of the 
transport costs (for instance, coal and water 
make up about 25 per cent of the total cost 
of keeping. a steam. locomotive running). 
The savings which can be made are therefore 
relatively small. Fortunately, though, the 
fuel efficiency of a system is usually closely 
related to its general operating efficiency ; 
fuel savings should therefore often follow 
if a transport and handling system is 
made more efficient for the sake of better 
productivity. 


MAINTENANCE 


Once a plant has been laid down and all 
handling and transport equipment provided, 
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it is not usually easy to make sweeping 
fuel economies. The pattern of materials 
handling about the works will be largely 
dictated by the plant layout, and by the 
transport facilities available, so that savings 
can be brought about only by attention to 
the details of the manner in which the 
equipment is used. 

At its simplest this means attention to the 
maintenance and upkeep of the available 
equipment. A striking example of the effect 
of good maintenance (or of its absence) is 
given by the following figures for starting 
resistances of railway wagons, in pounds per 
ton load :— 


TABLE I—Starting Resistances of Bearings on Rolling 
Stock 


: Approximate 
Bearing starting 
resistance, 
Ib/ton 
Plain bearings: 
IEEE nh. ug, cae. eee ate sxe ae 
Poorly lubricated sda eiak Londatt aaa otuitas Sa 
Rene Be MRINEO .w. ccc ccc ce ceo. 08 
Roller bearings: 
Well maintained... ... ane joi 


* E.g., ingot car bearings which repeatedly have hot metal 
spilt over them, or where ingot cars are used as stripping blocks. 


TRANSPORT OPERATION AND CONTROL 


Attention to the manner in which the 
equipment is used must also include attention 
to its control. Efficient control may, for 
instance, enable a given number of locomo- 
tives to do more work ; conversely, it may 
be possible to deal with the same amount of 
work with a smaller number of locomotives, 
if control is improved. 

For example, the report of the Anglo- 
American productivity tcam on iron and 
steel tells of a modern American works 
which handled some 560,000 tons of material 
per month with only nine working loco- 
motives; a plant of about half that size in 
this country would employ some eighteen 
locomotives to carry out the work. Part of 
this difference can be accounted for by the 
fact that the larger works would have heavier 
locomotives (so that a greater load can be 
transported on each trip), and that the 
railway system in the modern plant would be 
relieved of much work by alternative means 
of transport (conveyors and road vehicles); 
some of the difference, however, must be 
attributed to more rigid organisation and 
closer control. 

In the last few years, several major British 
works have introduced radio control of their 
locomotives. Opinions on its usefulness 
differ; but wherever the equipment has been 
in use for some time there seems to be a 
fairly general feeling that it could not be 
removed without being missed. No British 
works has yet gone to the length of one 
American plant at which the traffic controller 
operates from a mobile radio van, so that he 
is free to move about the site. 


ASSESSING TRANSPORT EFFICIENCY 


One cannot assess the efficiency of a 
transport system without a valid standard 
by which it may be measured. The’ task is 
doubly difficult because transport is primarily 
a service, and its efficiency must therefore be 
measured (at least in part) by its effect on 
the processes it serves. Whilst one would 
hardly expect to find a locomotive, or a 
crane, working at much more than 75 per 
cent utilisation (i.e. an average of forty-five 
minutes in every hour), it is not necessarily 
true to say that a unit with such high utilisa- 
tion is doing its work efficiently ; neither 
could one condemn a unit which works only 
60 per cent of its time or less as being 
inefficient. The aim must surely be to provide 
transport when it is needed, and one measure 
of the efficiency (or inefficiency) of a transport 
system must be the delays which it imposes 
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on the processes it serves. This must have 
been in the mind of the managers at one 
modern British plant, when they caused a 
continuous record to be kept of the changes 
of position of all locomotives and ingot 
bogies between their melting shop and 
stripping bay. Recording is done in a 
similar manner to the route analysis of 
Fig. 2; the record shows up delays and their 
causes, and by locating the reason helps to 
avoid recurrence. 


PLANT LAYOUT 


Whilst close control of a materials handling 
system of this kind may be necessary to render 
it efficient, no amount of organisation can 
compensate for a bad layout, or for the wrong 
kind of equipment. In the design of the 
new Abbey Steel Works, the question of 
layout and equipment of the melting shop 
and scrap bay were thought sufficiently 
important to justify the building of a working 
model. Different kinds of charging systems 
were tried out in miniature to ensure that the 
best arrangement should be selected. By 
contrast, a length of track was recently 
laid down in a medium-sized works to provide 
much-needed additional storage space for 
wagons ; but access to this siding is so 
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locomotives—is the most widely used in 
steel works. For some years, diesel loco- 
motives have been gaining in popularity 
in British works, and they are now coming 
into general use. Whether the replacement 
of steam locomotives by diesels can be 
economically justified in an existing works 
depends partly on the layout ; for instance, 
the greater overload capacity of the steam 
locomotive enables it to cope better with 
steep gradients. Compared with the frequent 
servicing periods needed by a steam loco- 
motive, the diesel locomotive has the advan- 
tage of being almost continuously available; 
unless this fact can be put to good use, how- 
ever, it will not give rise to any economic 
advantage. 

There is no doubt that the thermal efficiency 
of diesel locomotives is greater than that of 
steam locomotives on this kind of work: 
British Railways estimate that their diesel 
shunting locomotives make eight times 
better use of the heat content of their fuel 
than steam locomotives on the same duty; 
the Railway Executive has recently made 
provision for a further 500 diesel locomotives 
for its shunting yards. In a steel works 
where diesel locomotives can be used to 
good advantage, their hourly running cost 
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awkward that it is hardly ever used. Examples 
of this kind occur if there is insufficient 
planning of an operation: it is essential 
always to relate at the outset what it is that 
needs to be done, with the manner of doing 
it, and the means by which it shall be done. 
Organisation, layout and equipment must be 
designed together in detail. 

There is one feature of this integrated 
planning which may sometimes be neglected. 
Most steel-making processes use a number of 
different materials which have to be brought 
from different parts of the works, and it is 
often difficult to bring them together without 
allowing the flow lines to cross or to overlap. 
It may, however, be possible to use the 
fact that some processes are carried out at 
different levels from others, and flow lines 
can be made to cross at different levef$ to 
avoid obstruction and mutual interference. 
There is considerable scope for such three- 
dimensional planning in designing an oper- 
hearth melting shop, where both the furnace 
Stage and the valve house can provide access 
to the furnaces. For instance, interference 
with the charging system on the stage can be 
greatly reduced if there is provision for bring- 
ing bricks to any furnace under repair at 
valve house level, and then raising them by 
brick elevator on the pit side. 


ALTERNATIVE MEANS OF TRANSPORT 


The selection of alternative methods of 
transport and handling must be made also 
in the light of their operating efficiency. 
Traditionally, rail transport—with steam 








of about £1 2s. 6d. (including maintenance) 
compares very favourably with that of 
£1 12s. 6d. for steam locomotives. 

The transport of raw materials to the 
blast-furnace bunkers is now frequently 
designed to be handled by conveyor. The 
following table of comparative costs of rail 
and conveyor transport has been compiled 
from figures which were obtained from a 
small iron works supplied by rail on the 
one hand, and from a somewhat larger con- 
veyor installation on the other. The cost 
per hour of the rail system has been taken 
as 100 per cent: 


TABLE II—Relative Costs of Railway and Conveyor 














Transport 
Locomotive | Conveyor 

Traffic handled (tons/hour) 15-40 90 
Cost per hour: | | 

ee ere 55% | 30% 

Fuel or power ... 25% | 5% 

Maintenance ... 20% 30% 
Totals ... 100% | 65% 








Figures are taken from Locomotives in Iron and Steel Works, 
by E. L. Diamond. Neither track nor conveyor structure main- 
tenance costs are included. 

Another alternative means of transport 
which is coming into more general use is 
road transport, internally, as well as for 
delivery of materials and product both to 
and from the works. On the basis of thermal 
efficiency this doubtlessly represents a saving; 
the fuel consumption (in B.Th.U. per mile 
per ton capacity) of a slow freight train is 
almost five times as great as that of a 14-ton 
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diesel lorry. Road transport has the addeq 
advantage of considerably greater flexibility 
One works, with an already congested railway 
system, is arranging for billets to be takep 
to the finishing mill on trailers; these are 
drawn by a limited number of traction units 
One may estimate that it becomes economical 
to run up to three diesel tractor units, jf 
one can thereby replace one locomotive. 


EFFECT ON PROCESSES SERVED 


The preceding examples are related to the 
fuel consumption of transport and handling 
equipment itself. It has been pointed oy 
that the efficiency of handling materia's from 
one process to another may itself have a 
considerable effect on the fuel efficiency of 
the process. 

The movement of ingots from the casting 
bay to the soaking pits is an example of 
handling hot materials, where lost time during 
transport means a loss of heat. The newly 
teemed ingot must be allowed to solidify 
sufficiently before it can be stripped of its 
mould; it should then be charged to the 
soaking pit as quickly as possible. In round 
figures, the heat content of an ingot as 
teemed is 13 therms per ton, and as supplied 
to the mill after soaking is 8 therms per ton. 
Despite this initial surplus of heat, the fuel 
requirements of soaking pits (found during 
an extensive recent survey) average some 
17 therms per ton of ingot. Much of this 
heat requirement could be saved by efficient 
transport and handling. 

The charging of open-hearth furnaces 
presents an example of a different kind: 
inability to supply materials to any furnace 
whenever and as soon as it is ready to accept 
them, leads to delay and increases the cycle 
time of the furnace. The output of the 
furnace suffers as a result, and so does the 
fuel consumption per ton produced. Never- 
theless, of several open-hearth melting shops 
which were recently visited, only one 
genuinely claimed to be free from delays 
on the score of inadequate charging facilities, 
All the others suffered from charging delays, 
some seriously so. 

Further discussion of such problems is 
beyond the scope of this article. They are, 
however, problems which are being actively 
tackled by the more modern works in the 
industry. Their solution presents extreme 
difficulties in old works, many of which 
are producing much higher tonnages than 
were ever envisaged when the works were 
originally planned. Under these circum- 
stances, continuous care is essential to avoid 
excessive waste of fuel. It is only in the 
new and larger works where full use can be 
made of modern equipment that concentrated 
attention to methods and organisation will 
ensure truly efficient use of fuel. 





Development Plans for the 
Central African Federation 


EXTENSIVE development plans for the Central 
African Federation have been _ recently 
announced. Total expenditure is estimated 
at £70,250,000, of which more than £24,000,000 
will be spent in the coming financial year. The 
plans cover the next three years and do not 
include development by the individual territorial 
governments during that period. Major items 
include the development of the new Salisbury 
airport, communications and transport. Lake 
Nyasa is to be developed as the main line of 
communication from the end of the railway line 
northwards. Agriculture and social services are 
to receive special attention. The United States 
is to lend the Federation about £3,500,000 for 
the purchase of locomotives, rolling stock and 
permanent way material and supplies. 
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Plastic Dry Bearing 


A New form of dry bearing which has been 
introduced by the Glacier Metal Company, Ltd., 
of Alperton, Middx, is designed to take full 
advantage of the particular properties of 
the plastic polytetrafluorethylene (P.T.F.E.). 
This bearing is suitable for a wide range 
of application on all forms of equipment where 
the use of lubricants is undesirable or the pro- 
yision of adequate lubrication difficult. Initially 
the firm is supplying the bearings in thirty-eight 
standard bush sizes with nominal bores from 
in to 2in, and in the form of thrust washers in 
eighteen sizes with bores from 4in to 2}in. 

The new bearings consist essentially of a steel 
packing lined with porous bronze impregnated 
to its full depth with P.T.F.E. and having a layer 
of the plastic about 0-000lin thick upon its 
surface. In the process of manufacture composite 
strips of the bearing material are pressed into 
putt-jointed wrapped bushes similar to the firm’s 
well-known standard design of wrapped bushes. 

P.T.F.E. is extremely inert and has a dry 
surface coefficient of friction in the region of 
0:05; this low friction is a surface property 
of the material and it does not depend upon the 
formation of a low shear strength film as with 
solid lubricants. This means that under ideal con- 
ditions no measurable wear should take place as a 
result of friction on a P.T.F.E. surface, and any 
wear which does occur is due to the roughness of 
the mating surface. It is recommended that the 
shafts used with these bearings should have 
virtually no running clearance, and that they 
should have a good ground finish, preferably not 
coarser than 10 micro inches. 

When fitting the bearings special precautions 
have to be taken to avoid damaging their surfaces 
and the bores must not be machined after the 
bushes are fitted in their bore, otherwise the 
P.T.F.E. film will be destroyed. The plastic is 
stable up to a temperature of 327 deg. Cent. and 
where used in bearings an ambient temperature 
of about 280 deg. Cent. is permissible. 

If used in block form for a bearing P.T.F.E. 
has many disadvantages, but by incorporating it 
in a strong metal matrix it is given the strength, 
heat conductivity, temperature and size stability 

of the metal ; whilst the frictional, chemical and 
wear-resisting properties of the plastic are fully 
retained. Many shaft materials have been tried 
with the bearings by the makers who state that 
soft and hardened steel, hard anodised alumi- 
nium, cast iron, &c., can be used to advantage, 
but very soft materials and alloys high in copper 
are not generally suitable for use with them. 

In a normal bearing the oil serves to distribute 
the frictional heat generated and so facilitates its 
rapid removal from the bearing surfaces. In a 
dry bearing no liquid is present to serve this 
purpose, and so the load and speed capacity of 
the bearing are determined largely by the ability 
of the assembly to dissipate heat. For these 
dry bearings, therefore, a P.V. factor, i.e. the 
load in pounds per square inch of the projected 
area multiplied by the surface velocity in feet per 
minute, may be quoted. The makers point out, 
however, that in using these P.V. factors, 
it should be borne in mind that the precise 
details of the assembly. will affect the satisfactory 
operations of the bearings, and for this reason 
the interesting performance figures quoted by the 
makers are for general guidance only. For 
example, it is stated that with a rotating shaft in a 
fixed bush and the load fixed relative to the bush 
a minimum life of 1000 hours is possible with a 
P.V. factor of 3000, and this life is increased to 
10,000 hours with a P.V. factor of 1800. In the 
case of a fixed shaft and a rotating bush, with the 
load rotating relative to the bush, there is a 
minimum life of 1000 hours with a P.V. factor of 
12,000, and this life is increased to 10,000 hours 
with a P.V. of 7500. It has been found that a 
lead deposit or the chrome plating of a shaft 
considerably increases the P.V. value, and 
although the bearings are designed primarily for 
use without lubricants, the presence of a liquid 
is in most cases particularly advantageous. 





Oi ReseEaARcH CompANy.—We are informed that a 
new company, “ Shell ’’ Research, Ltd., is being incor- 
porated to take over the research assets and activities in 
the United Kingdom of the — Dutch/Shell group of 
oil companies, which were handled formerly by the Shell 
Petroleum Company, Ltd. 
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Diesel Engine for Direct Drive 


Gone years ago, in order to fulfil the demand 
for larger marine units suitable for boiler fuel 
oil, Sulzer Bros., Ltd., of Winterthur, Switzer- 
land, began the development of the ““ RS ”’ series 
of two-stroke engines. In a previous article 
(THE ENGINEER, July 25, 1952, page 120) we 





Oil Inlet 


Sectional elevation of ‘“‘RS 76°’ diesel engine of 760mm bore by 
1550mm 


stroke 


described the ‘‘ RS 58 ’’ engine, which has a bore 
of 580mm and a stroke of 760mm. It is rated at 
520 b.h.p. per cylinder at 240 r.p.m., and built in 
units of from four to twelve cylinders mainly for 
geared multi-engine propulsion. One of the 
advantages of this kind of drive is the lower 
overall height of the smaller engines, compared 
with that of a single larger one. This is particu- 
larly felt in passenger liners, where it permits 
additional decks to be carried above the engine- 
room. When such considerations do not hold, 
as for cargo ships or tankers, the simplicity of the 
direct drive may be preferred, and it is for this 
application that the “‘ RS 76” engine has been 
evolved. 

The “RS76” is a larger version of the 
“RS 58,” with a bore of 760mm and a stroke of 
1550mm. Nominal rating per cylinder is 1000 


Fuel Pump 





b.h.p. at 115 r.p.m. The design considerations 
of the “RS” series have been discussed else- 
where.* Up to the present eight units with a 
total of fifty-nine cylinders have been built by 
Sulzer licensees. Our illustrations and the perfor- 
mance curves show the first engine of this ciass 
to be built at Win- 
terthur, which we saw 
on the test bed recently. 

The engine, which is 
to be installed in the 
10,500 gross register ton 
cargo vessel ‘* Wonso- 
nobo,” of the Royal 
Rotterdam Lloyd, is a 
direct reversible two - 
stroke unit of the cross- 
head pattern. The ten 
single - acting cylinders 
have a combined nomi- 
nal output of 10,000 
b.h.p., giving a weight/ 
power ratio of 62 kg per 
metric h.p., or 138 lb per 
British h.p. 

Welded construction is 
used up to the cylinder 
blocks, since many 
licensees have experi- 
ence of welded struc- 
tures, but find it difficult 
to obtain large castings. 
Shipping companies also 
tend to favour the 
welded design. 

The use of a crosshead 
enables the cylinders to 
be separated from the 
crankcase by a stuffing- 
box around the piston- 
rod. This prevents con- 
tamination of the crank- 
case lubricating oil with 
the fuel and is particu- 
larly important when 
running on heavy fuel 
oil. At the same time, 
the presence of air under 
the piston in place of an 
inflammable air/oil mix- 
ture eliminates the dan- 
ger of crankcase explo- 
sions due to a hot piston, 
Nevertheless, in order to 
give protection from the 
effects of explosions, 
which might be caused 
in some other way, ex- 
plosion doors are fitted 
along the port side of the 
engine ; these are spring 
loaded so that should an 
explosion occur ingress 
of air and consequent 


Air 


secondary explosions 
and fire would be pre- 
vented. 


The welded A-frames 
are strengthened each by 
pre - tensioned tie bars, 
Bearing caps of the white -_metalled crank- 
shaft bearings are held in place by screwed jack 
struts between the cross members of the frames 
and the caps. 

The crankshaft is of composite construction 
with webs and crankpins made from one piece 
being shrunk on to the main journal. 

A single-slider crosshead is used which carries 
underneath it an arm to which the piston-rod of 
the scavenge pump is attached. Lubricating oil 
to the crosshead and crankpin, and cooling oil to 
the piston, are supplied through a linkage con- 
nected to the crosshead. The nut on the piston- 
rod is turned by applying a hydraulic spanner, 
for which pressure oil is supplied by a hand pump 
located at the end of the engine, with tap-offs 


* W. Kilchenmann, Trans. Inst. Marine Engineers, June, 1953, 
page 137. 
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at each cylinder. The 
scavenge pumps are 
double acting and are 
equipped with multi-flap 
valves ; they discharge 
into a common manifold 
so that pressure fluctua- 
tions are minimised. 
Easy access to valves 
and ports for servicing 
has been provided. 

In order to avoid the 
need for excessive head- 
room for dismantling, 
the length of the piston 
was kept short. In con- 
sequence the piston does 
not, during most of its 
stroke, separate the 
scavenge air and the ex- 
haust, and a special ex- 
haust valve had to be 
provided to achieve this. 

It is an oscillating valve 
operated from an eccen- 
tric on the camshaft. 
Since complete airtight- 
ness is not required, the 
valve is given a generous 
clearance so that thermal 
distortion in the 340 deg. 
Cent. exhaust does not 
cause jamming. The 
sharp edges of the valve 
serve to scrape away any 
deposit which may be 
formed, while a spring - 
loaded member of the 
linkage prevents damage 
should a broken piston 
ring become lodged in 
the valve. 

During the upward 
stroke the exhaust is 
closed by the valve even 
before the piston covers 
the scavenge ports, 
although these are actu- 
ally lower than the ex- 
haust ports. The result 
is after-charging, the 
cylinder being filled with 
air up to the full scaveng- 
ing pressure without the 
provision of a second, 
higher row of scavenge 
ports fitted with non- 
return valves. 

The method of cross- 
flow scavenging here 
employed has the advan- 
tage over uniflow scav- 
enging that no valve 
ports in the cylinder 
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head are required, thus 
giving a stronger design, 
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and that the mechanic- 
ally complicated valve 


90 100 120 
A Speed, r.p.m. 





gear is dispensed with. 

With heavy fuel oil, 
pipelines must be kept as 
short as possible so as to 
avoid undue pressure in 
the fuel pumps. The 
injection pumps are 
therefore located at the 
cylinder cover level. All fuel pumps, as well as 
the valves for the starting air, and the lubricating 
pumps, are operated from a common cam- 
shaft, which is chain driven from the crankshaft. 
A special tensioning bracket allows the chain to 
be tightened in a simple manner without affecting 
the phasing of the camshaft. The injection 
pumps are rated at 1000 atm. 

The fuel is heated to reduce its viscosity and all 
pipes are lagged. Special circuits enable the oil 
to be circulated to the valves even while the 
engine is stopped, so that the pipes do not become 
chilled. 

All engine controls are arranged at the forward 
end, while the amount of fuel injected is set by 
the governor, the injection position can be altered 
by hand during running through +3 deg., in 
order to allow for variations in the ignition pro- 
perties of different fuels. 


a—Fuel consumption 


d—Scavenging air pressure 


3 
m.e.p. kg/cm? 


b—Exhaust temperature c—Mechanical efficiency 
e—Ignition pressure 


Test bed performance curves of ‘‘RS 76’ diesel engine 


The cylinder head is in two sections, the inner 
of which carries the injection, air and safety 
valves. Injection pressures are of the order of 
500 atm. 

The nozzles are strongly water-cooled to 
prevent carbon deposits. Such nozzles have been 
successfully used with fuels of up to 6200 seconds 
Redwood. 

Work is in progress in connection with pressure 
charging by means of axial-flow compressors, and 
the company hopes that in a year’s time a super- 
charged twelve-cylinder version with a con- 
tinuous rating of 15,000 to 16,000 b.h.p. will be 
ready for testing. 





MARINE ENGINE BUuILDERS.—At the annual general 
meeting of the National Association of Marine Engine 
Builders, Mr. Ewen H. Smith, and Mr. P. L. Jones, were 
re-elected chairman and vice-chairman, respectively. 
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Brake-Operating Gear for Mine Cy, 

DEPENDING upon the arrangements for hang, 
ling mine cars it is Sometimes an advantage 1, 
be able to apply parking brakes from one Side 
of a mine car and to release them from the othe, 
side of the car without risk to the personng 
handling the cars. A brake-operating gear whic, 
makes this possible has been designed and py 
into production by Distinction Engineering 
Company, Ltd., Workington, and is being 
marketed under the trade name “ Sindex* 

As shown in the illustration, it consists of ay 
inverted T-shaped lever which turns on a piyo 
attached to the end of the car body and which 
can exert a pull at either end of the cross member. 
The ends of the cross member can be connecte; 


Linkage for applying and releasing brake of mine 
car from either side of the car 


to almost any conventional arrangement of 
brake rigging beneath the car. Brakes can 
therefore be applied to any combination of 
mine car wheels according to the design of rigging 
decided upon. 

The upper part of the inverted T-lever moves 
between two arc-shaped racks attached to the 
car body, and is fitted with two lugs, a double 
pawl, a coil spring and housing, and two hand 
levers. The double pawl engages in one rack 
or the other according to the direction in which 
the T-lever is pulled, and is held in engagement 
by a coil spring under compression. On each 
of the lugs on the T-lever a hand lever is pivoted. 
Both hand levers are connected to the double 
pawl. 

Brakes are applied by pulling either hand 
lever, and remain applied by the engagement 
of the pawl in one or other of the racks. To 
release the brakes a downward pull is exerted on 
either hand lever ; the pawl is thereby lifted 
and the T-lever may be returned to its neutral 
position. It is therefore possible to release the 
brakes from either side of the car irrespective 
of the side from which they have been applied 
without inserting more than a hand and forearm 
between two adjacent car bodies. 





Lime Works at Silverstreams 


Goop progress is being made in the con- 
struction of what eventually will be one of the 
largest lime works in the world at Silverstreams, 
about 100 miles west of Kimberley. Production 
is expected to begin in a few months’ time. The 
plant is being built for the Northern Lime Com- 
pany, Ltd., and the first stage of the project, 
estimated to cost £1,200,000, is well under way. 
This includes the erection of the first lime-burning 
rotary kiln in Africa, which is more than half 
completed. 

The hard physical quality of the limestone in 
the Silverstream area is particularly suitable 
for calcination in a rotary kiln. The capacity 
of the first stage of development will be in excess 
of 100,000 tons of lime per annum. 
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Experimental Coal-Burning Gas 
Turbine 
By PROFESSOR DONALD L. MORDELL, M.A.* 





This paper, which was read before the Institution 
of Mechanical Engineers on Friday, November 
sth, describes the experimental coal-burning gas 
wurbine which has been developed largely at the 
McGill University, Canada, It is the first gas 
turbine to use the exhaust heated cycle and has a 
Nimonic tube mixed contra flow and parallel flow 
heat exchanger. The prime moving elements are 
those of a Rolls-Royce “ Dart” turbo-propeller 
engine. Large abstracts of the paper are repro- 


duced. 


Tue only simple way of using coal to produce 
mechanical work has until recently been the 
well-known steam engine. The limitations 
imposed upon reciprocating-steam-engine design, 
if it is to be included in a locomotive, prevent the 
attainment of anything like a reasonable thermal 
efficiency, 5-7 per cent being the usual range. 
The development of the gas turbine was based on 
the use of oil or gas as fuel. However, the prob- 
lems involved in its use of coal do not appear 
unsurmountable, and when one reflects that both 
the diesel engine and the steam turbine have 
arrived at a stage from which it is difficult to’see 
a road leading to major advances, while the gas 
turbine is really just on the threshold of its 
development, it seems likely that the successful 
development of a coal-burning gas turbine might 
lead to a situation where coal would again be 
the preferred fuel for many applications. 

In his Thomas Hawksley Lecture in 195], 
Roxbee Cox outlined the work being undertaken 
in the United Kingdom on the coal-burning 
turbine and drew attention to the different ways 
of approaching the problems. One of the simp- 
lest is to adopt the exhaust-heated cycle, and 
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Fig. 1—Thermodynamic cycle diagram 


this paper describes an experimental turbine 
operating on this cycle, which has been designed 
and constructed in Canada by the Gas Dynamics 
Laboratory, Department of Mechanical Engineer- 
ing, McGill University, with the support of the 
Canadian Department of Mines and Technical 
Surveys. 

The Experimental Exhaust-Heated Engine.— 
In 1950 the author and his colleagues, having 
made fairly detailed theoretical studies (Mordell 
1950; Mordell, Chant and Rogers 1950), 
Suggested that an exhaust-heated engine would 
offer useful possibilities both for the generation 
of electrical power in relatively small units, for 
example, 1000-S000kW, which might be expected 
to be useful in Canada, particularly on the 
prairies, and which might also be suitable for 
installation in a locomotive to produce a coal- 
burning locomotive competitive with the diesel 
engine. It had been possible to obtain an 
obsolete aircraft engine which would provide 
the essential nucleus of the experimental plant 
it was proposed to build. The Department of 
Mines and Technical Surveys of the Canadian 
Government, which has as one of its respons- 
ibilities the development of new uses for coal, 
considered that that was a project which it 
could properly support and encourage. 

The fact that it was proposed to use an existing 
gas turbine meant that many of the design 
conditions were fixed. It was decided to restrict 
its operation to a maximum speed of 13,600 
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r.p.m. and a maximum temperature of 1000 deg. 
K. (1340 deg. Fah.) as compared with the normal 
maximum conditions of 14,500 r.p.m. and 1100 
deg. K. (1520 deg. Fah.). This derating cut 
down the maximum power to be expected from 
about 800 h.p. (on oil) to 500 h.p. (with coal), 
but it was considered essential, not only in 
regard to conservation of the experimental 
engine but also because in any event for industrial 
use no higher temperature than 1000 deg. K. 
(1340 deg. Fah.) would be contemplated. 

The basic problem was to design the heat 
exchangers, furnace, and ducting necessary to 
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has by-passed the furnace and first heat exchan- 
ger ; the combined stream then passes through 
the second heat exchanger on its way to the 
stack which can be seen on the right-hand side of 
Fig. 4. Fig. 1 shows the thermodynamic cycle 
diagram. 

Hot Heat Exchanger.—The heat exchanger 
which accomplishes the final heating has to 
operate at rather higher temperatures than do 
conventional heat exchangers and accordingly 
much time was spent on the design of it. Fea- 
tures of the mechanical design and related 
calculations have been given separately (Rogers 


Combustion Gases 


Air Outlets 


(12"dia., 30ff) \y 


Cold Water 
Outlets 


Cold Water f 
Inlets 


Fig. 2—Arrangement of hot heat exchanger 


convert the engine to run on coal, and to lay 
out the plant in a manner convenient for experi- 
mental use. At the outset it was decided that 
in no way was the attempt going to be made to 
build what might be regarded as a prototype 
commercial unit, but that the design would be 
that of a research unit in which every attention 
was paid to the need to make many measure- 
ments, and to a probable requirement to make 
changes from time to time. Accordingly, plenty 
of space was allowed for everything and the 
final arrangement was that shown in the isometric 
view, Fig. 4. It will be seen that the basic gas 
turbine is mounted on a steel mezzanine floor 
where it is coupled up to a dynamometer with 
which to measure the power and an auxiliary 
engine to provide power for starting. Manifolds 
are provided which pick up the compressed air 
delivered by the compressor, deliver it to the 
heat exchangers underneath and, in due course, 
return the externally heated air to the turbine. 
Behind the turbine will be seen an exhaust duct 
which takes the exhaust air from the turbine ; 
some of this is by-passed in the overhead pipe to 
be seen in the figure, while the rest of it disap- 
pears underneath the floor to feed the furnace. 


and Chant, 1952; Rogers, 1953). The heat 
exchanger is designed as a mixed counter- 
flow and parallel-flow unit. The use of counter- 
flow is necessary in order to keep the tube area 
down to reasonable limits and permit the attain- 
ment of a fairly high thermal ratio, but at the 
hottest end the use of a parallel-flow section 
permits an appreciable reduction in the tube 
temperatures at the point where they are nor- 
mally highest. The tube bundle is arranged in 
an annulus with a blank centre space and this 
centre space is used as the final transfer duct 
from the counterflow section to the parallel-flow 
section. 

Fig. 2 is a reproduction of the drawings for 
the exchanger, and it will be seen that after the 
end of the counterflow section, the compressed 
air is forced down into the centre blank part by 
an intermediate baffle. It then flows towards 
the front tube plate in the centre duct and is 
turned through 180 deg. at the tube plate to 
pass in parallel-flow fashion down the front part 
of the exchanger. The final take-off nozzles are 
arranged part-way down. In view of the high 
temperatures at the hot end of the exchanger, 
it was considered essential to provide, as far as 





Fig. 3—Tube matrix of hot heat exchanger in course of assembly 


On the lower floor are mounted the furnace and 
the two heat exchangers. Immediately beneath 
the turbine exhaust is the furnace, which will be 
described in detail later. 

The hot combustion products from the furnace 
pass straight through the first heat exchanger to 
the far end, at which point they are turned 
through 180 deg. and joined by the air which 





could be foreseen, complete uniformity of tem- 
peratures to avoid the development of hot spots 
or irregular heating which might lead to expan- 
sion and distortion troubles. The use of the 
centre duct in this connection helps very con- 
siderably in providing a uniform flow over the 
front tube plate [illustrated in the paper], which 
is the hottest part of the whole exchanger, 
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The front tube plate, which is highly stressed 
by virtue of the fact that it contains the com- 
pressed air and at the same time is subject to 
extreme thermal conditions owing to the hot gas 
flowing through the tubes which are rolled into 
it, led to a special design being adopted. This 
design involves the use of a double tube plate 
with an intermediate coolant passage through 
which air or water can be circulated in order to 
control its temperature. To design it, it was 
found necessary to develop new methods of 
calculation for the temperature distribution in 
such a system ; that will be referred to later. 

The tube material is Nimonic 75, and stainless 
steels and heat-resisting steels have had to be 
ysed in various places such as the front tube 
sheet and the assembly of the final take-off 
nozzle. However, the use of heat-resisting steels 
in the pressure shell has been avoided by the 
adoption of a system of air cooling which includes 
the use of an internal stainless-steel liner con- 
centric with the outer carbon-steel shell. In 
the annular space, cooling air is passed and 
serves to keep the carbon steel shell at a reason- 
able temperature after which the cooling air is 
passed into the heat exchanger to be further 
warmed and supplied back to the turbine. 
Fig. 3 shows a view of this heat exchanger taken 
during the course of its construction. 

Cold Heat Exchanger.—The second heat 
exchanger is quite conventional in every way, 
the temperatures encountered being not extreme, 
and its construction being wholly of carbon steel. 
Fixed tube sheets are used, with a simple sliding 
expansion joint in the shell at one end. 

Manifolds—To pick up the compressed air 
and feed the heated compressed air back to the 
turbine it was necessary to design manifolds. 
It should perhaps be emphasised that the mani- 
folds, whose design and development have been 
one of the major difficulties, are not relevant to 
the coal-burning turbine as such, and were only 
needed to adapt an aircraft unit for experimental 
purposes. 

Furnace.—The decision was taken to use a 
cyclone-slagging type of furnace. This has the 
advantages of having no moving parts, of being 
well suited for the combustion of low-grade 
fuels, and for the removal of a large part of the 
ash, while it lends itself admirably to the use of 
highly preheated combustion air. An experi- 
mental combustion chamber and subsequently, 
a second furnace was built. Although the com- 
bustion performance was raised to a satisfactory 
level, the mechanical performance was not too 
good. Fig. 5 shows an isometric view of the 
redesigned furnace and mixing section which is 
now installed. The main combustion chamber 
is a cylindrical vessel, 2ft in diameter, lined with a 
castable refractory, and water-cooled. The coal 
which is previously crushed to pass through a 
sin diameter screen is injected with about its 
own mass of air at one end of the chamber 
with a swirling motion. The secondary air or 
the main combustion air supply is fed tangentially 
to the furnace and when in operation the swirling 
motion of the air and the coal throws out the 
coal particles to the wall by centrifugal force. 
The coal adheres to the wall and is then scrubbed 
by the rapidly whirling air stream and burnt 
very rapidly and completely. Owing to the 
high temperature level in the furnace the ash 
fuses as it forms and the wall becomes coated 
with a layer of molten slag whose thickness 
depends on the temperature level within the 
furnace. This molten slag drains out through 
the furnace and is continuously collected. 

The combustion gases pass through a throat 
at the end of the furnace into a secondary 
chamber where there are two baffles, arranged 
vertically to serve the dual purpose of catching 
some of the ash which might otherwise be blown 
out, and of shielding the heat exchanger which 
follows from the intense radiation from a very 
hot primary zone. Excess air, which is not 
required for combustion, is fed into the hot 
gases in the wake of these baffles, having first 
been used as cooling air to cool the brickwork 
of the secondary mixing chamber. The whole 
furnace assembly is mounted on sliding runners 
to permit freedom for expansion. 

_ Coal-handling Equipment.—The raw coal, which 

is stored in a bunker external to the building, is 

brought in by truck as required, when it is 
loaded into a hopper, which has a capacity of 
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about 12 tons, and at the bottom of which is a 
screw-feeder. This screw-feeder carries the coal 
out of the hopper and feeds it to the crusher, 
which is of the swing-hammer type, and which 
forces the coal through a tin mesh screen. The 
crushed coal is picked up by an air stream which 
lifts the coal into the roof space of the building 
where it is separated from its carrying air and 
deposited in a hopper ready for use. This 
hopper is scale-mounted, thus permitting mea- 
surement of the rate of coal fed by noting the 
diminution in weight of the hopper and its 
contents as a function of time. The coal is fed 
from the hopper to the primary air-line by an 
air ejector which blows the coal into the primary 
air-line, and which takes its air either from a 
plant compressor or a bleed from the turbine’s 
compressor. 

Instrumentation and Control.—Because this 
was a research engine and there were many 
problems in the heat-exchanger and furnace 
design on which information was scanty, very 
full and elaborate instrumentation has been 
provided. The plant is arranged so that one man 
has complete control of the plant, and has in 
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bers is in the form of tension rods which are 
free to move laterally under the influence of 
thermal expansion. Where this was insufficient, 
expansion joints have been provided in the 
ducting and the structure is perfectly free to 
expand without disturbing any of the essential 
alignments or opening any joints. External 
insulation has been applied to both heat exchan- 
g2rs and all the ducting and furnace, &c., in an 
attempt both to keep down the external heat 
losses and to render the test cell habitable 
during operation. Owing to space limitations a 
complete view of the plant cannot be shown, 
but Figs. 8, 9 and 10, give the best views possible. 


PRELIMINARY EXPERIMENTAL WORK 


Heat Exchanger.—Two problems that were 
immediately apparent in the heat-exchanger 
design were, first, the probable rate of fouling 
and, secondly, the effectiveness of the cooling 
arrangements for the front tube plate. Although 
it was intended to use a slagging type of furnace, 
part of the ash in the fuel has to pass through 
the heat-exchanger tubes, and the effect of tube 
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Fig. 5—Isometric drawing of the furnace assembly as used for engine tests 


his view all instruments necessary to ensure 
safety of operation of the plant and maintenance 
of correct test conditions. The other more detailed 
measurements which are required for research 
purposes are indicated on panels on each side 
of the operator and the readings are taken by 
other observers. About 180 thermocouples are 
installed to measure important temperatures 
and some fifty pressure measurements are 
taken. In addition, there are many observations 
of auxiliary circuits which require watching and 
control. To facilitate investigation of transient 
conditions during warm-up and shut-down, a 
number of critical thermocouple readings are 
electronically recorded as a function of time and, 
in addition, transducers permitting the recording 
against time of engine speed, power and coal- 
feed rate have been developed and installed. 
Assembly of the Plant.—Actual assembly of 
the completed installation commenced in August, 
1953, following delivery of the hot heat exchanger. 
The problems of expansion of all the numerous 
elements of the plant have been taken care of 
largely by using suspensions rather than supports 
for all components so that apart from funda- 
mental locating points the support for all mem- 


fouling on the rate of heat transfer is not calcul- 
able. Accordingly, the Fuels Division constructed 
a test rig in which conditions of the hot exchanger 
were simulated in an exchanger with four lin 
diameter tubes, 10ft long. This was fired with 
gases from a small cyclone chamber, in which 
provision was made to inject extra ash. Tests 
were made over 35-hour periods with five 
different coals. The ash remaining in the 
tubes was found to be non-adherent and could 

2 removed by light brushing. In no case 
was its amount greater than 2 per cent of the 
ash in the coal charged. Measurements of 
heat-transfer coefficients were also made, and 
the results of a 90-hour test are shown in Fig. 6 
(reproduced from Warren and others (1952)). 
Although there is a considerable scatter, due 
in part to instrumentation difficulties, it was 
concluded that ash fouling should not be critical, 
although final conclusions can be drawn only 
after prolonged operation of the complete 
unit. 

The design of the cooling system for the 
front tube plate demanded knowledge of the 
local heat-transfer coefficients in the entrance 
length of the tubes, before pipe flow is established, 
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and also some rather elaborate calculation 
of the resultant temperature distribution in 
the tube plate. Again a small-scale model rig 
was constructed and tested (Rogers, 1953). 
For the transfer coefficients some very interesting 
results were obtained, which suggested that at 
high temperatures existing data were not too 
satisfactory. Fig. 7 shows a plot of values of 
local heat-transfer coefficients as a function of 
x/d, the length/diameter ratio. It will be noted 
that the values are considerably higher than 
those of other workers and in view of the 
importance of this to the design, a considerable 
study was made. It was suspected that turbu- 
lence was a factor, but it was found that in tests 
at the same Reynolds number, measured values 
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Fig. 6—Results of heat-exchanger fouling tests 


showed a trend to higher values as the absolute 
temperature increased. This is discussed in 
detail in the reference cited. 

The application of these data to the deter- 
mination of the temperature distribution in the 
tube plate required the development of a rather 
elaborate theory. To check this, a. model of 
the front end of the heat exchanger was built, 
using seven mild steel tubes of #in outer dia- 
meter, 20 Birmingham gauge, expanded into 
a in thick mild steel tube-plate, and arranged 
on a in equiangular pitching. The cooling 
passage in the tube plate was jin, and the tubes 
were fed with hot air from a gas-fired combustor. 
The measured temperature distribution in the 
plate was compared with that calculated by 
means of the data referred to above; some 
typical results are given in Fig. 11, and show a 
reasonable agreement. This gave confidence 
in the design of the full-scale exchanger. It will 
be observed that allowance for the variation in 
local values of the heat-transfer coefficient, as 
determined in the earlier tests (Fig. 7) makes 
about 10 per cent difference in the predicted 
values and brings them within about 10 per cent 
of the measured value. 

Furnace-——The cyclone’ burner already 
described above appears to offer the neatest 
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solution to the actual coal-burning problem 
(Wilcoxson, 1947). After some initial testing, 
the Fuels Division built a cyclone (shown 
diagrammatically in Fig. 12) and ran preliminary 
tests. With the test facilities then available in 
Ottawa this could not be tested under all the 
necessary conditions and a similar furnace was 
constructed in the University laboratory, and 
supplied with the exhaust from the “ Dart” 
turbine, then burning kerosene. By loading the 
turbine, any desired preheat temperature to the 
furnace could be obtained. The only difference 
between this set up and that intended for the 
full plant was that the combustion air was 
deficient in oxygen, having been heated by 
internal combustion. A programme of tests 
was carried out. They have been reported in 
detail elsewhere (Mordell, Chant and Foster- 
Pegg, 1953) and may here be summarised by 
saying that they proved that good combustion 
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(a) Starting engine, dynamometer and turbine. 


(1) Air-entry plenum chamber. 


(2) Compressor manifold. 


(3) Turbine manifold. (4) By-pass-air venturi meter 


(5) Turbine-exhaust header duct. 


(6) The two heat exchangers. 


(1) Turbine-exhaust duct. (2) Hot heat exchanger. 
(4 


(3) Ducting between furnace and hot heat exchanger. 


) Cold heat exchanger. 
Figs. 8 and 9—The completed plant 


could be achieved, but that heat losses were 
large, and that the construction was unsuitable 
mechanically. 

The test programme was interrupted before 
the end of the planned period as a result of a 
minor breakage in the engine, and it was decided 
to abandon both the test series and the original 
design of furnace mixing section, to use the 
results so far obtained to design the improved 
mixing section shown in the isometric view of 
the furnace (Fig. 5), and to run this for engine 
tests without any further rig tests. 


INITIAL ENGINE TESTING 


-On November 20, 1953, the engine was run 
under its own power for the first time, with oil 
used as the fuel, and was subsequently run for 
five hours at 10,000 r.p.m., and at 900/1120 
deg. K. (This convention is used here and 
subsequently to indicate first the turbine-inlet, 
and secondly the furnace-outlet, temperatures.) 
After inspection the plant was run again on oil 


for five hours on November 27th, at 12,000 
r.p.m., 900/1130 deg. K., and the fuel was then 
turned to coal and a run of two hours on coal 
at 11,500 r.p.m., 870/1070 deg. K. was made. 
These two runs are believed to be the first runs 
of an exhaust-heated gas turbine on oil and coal, 
and it marked the completion of the first phase 
of the work. 

The second phase, which took longer than 
expected, was to clear up the teething and other 
preliminary troubles before starting serious 
development and endurance running. 

Most of the troubles experienced. have been 
with the turbine manifolding and expansion 
joints and this accounts for the long time taken 
since a fairly complete dismantling is necessary 
to make any modifications. The basic difficulty 
is that the turbine, being originally designed as 
an aircraft engine, has a very light turbine shroud 
ring, and only a small load transmitted from 
the manifold through the expansion joints is 
liable to distort it and cause it to bind on the 
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(c) Furnace and mixing section. 





(1) Turbine-exhaust header duct. 
(4) S dary (combustion ) 





(2) First-stage mixing section. 
air entry to cyclone. 


(3) Second-stage mixing section. 
(5) Water-cooled cyclone furnace. 


Fig. 10—The completed plant 


turbine blades. Curiously enough, this is a 
trouble which has only occurred many hours 
after the plant has been shut down. 

In its original form the furnace behaved 
fairly well from the combustion viewpoint except 
for some difficulties with slag freezing, due 
largely to the relatively small amounts of coal 
being burnt and the low ash content of the coal 
used. It is necessary to ensure that there is no 
possibility of the coal coking immediately at the 
furnace entry. On two occasions, when modifi- 
cations to the coal-injection system were being 
tried, this has happened. In these circumstances, 
the coal may get into the ducting and on one 
occasion a fire took place in the by-pass duct, 
which overheated the cold heat exchanger, 
fortunately without doing serious damage. To 
prevent any further occurrence a temporary 
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Fig. 11—Comparison of measured and predicted tube- 

plate temperatures at different positions at one value 
of gas temperature (small-scale rig) 


modification was made to the coal-entry feed, a 
simple axial entry being used. 

No significant troubles have yet been experi- 
enced with the heat exchangers and, after the 
first fifty hours, the tubes showed no sign of any 
ash deposition. In the hot exchanger it was 
found that the effects of radiation from the hot 
tubes on the temperature of the carbon steel 
outer shell had been underestimated. When 
the exchanger is stripped down, extra internal 
insulation will be applied to correct the over- 


heating, but for the present a water-cooled pad 
has been applied to the critical region to avoid 
the delay, at a small cost in heat loss. 

The air-side pressure loss was found to be 
higher than expected and analysis showed that 
the baffling was too close. This again will be 
rectified when the exchanger is stripped. 

Although it was known that slag removal was 
still not perfect it was decided to give the plant 
an extended run to prove it mechanically: a 
non-stop run of fifty-seven hours was made. 
It was found that, when the coal-feed rate was 
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Fig. 12—Furnace and mixing section as originally 
rig-tested 
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increased beyond that used in the tests with the 
restricted ‘“‘ Dart No. 8,” the temporary coal 
injector was not satisfactory, and blew most of 
the coal beyond the cyclone so that, in fact, it 
was mostly burning in the mixing zone. Also, 
as was half expected, the slag drain froze up 
again. The trial run was, however, continued 
as it was felt that it would be a severe test of 
the heat exchanger under the most adverse 
conditions that could possibly be anticipated 
in service. The run was completed without any 
troubles, the power output varying up to 250 
h.p. and turbine-inlet temperatures up to 1000 
deg. K. 

At the conclusion of this test a total of 114 
hours had been run, including nine starts and 
stops (two of the stops being emergency stops), 
and many rapid changes of load had been 
made so that all representative running conditions 
had been met. Throughout this period, although 
much work was done on the turbine manifolding 
and location, the heat exchanger received no 
attention whatsoever and the only maintenance 
on the furnace was to chip out slag. It was 
felt that the second phase of activities, namely, 
preliminary proving tests of the plant, had been 
accomplished. 

The third phase, comprising development to 
ensure continuous slag removal from the fur- 
nace, satisfactory coal-feeding and long-period 
endurance running at incremental powers, is 
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now in progress, and will be reported in due 
course. 


CONCLUSIONS 


Final conclusions concerning the practical 
possibilities of the exhaust-heated cycle must 
await the results of protracted operation, but ~ 
from the work so far done a number of important 
points are obvious. 

It has been demonstrated that coal can be 
used as a gas-turbine fuel using the exhaust- 
heated cycle. In spite of the large thermal 
capacity of the heat exchangers, the plant can be 
started from cold reasonably quickly. It can 
accept or shed load quite fast, because the load 
can be changed by changing turbine speed and 
air flow, without much change in tube tempera- 
ture and, therefore, in stored heat. In emer- 
gency, it can readily be shut down. A blow-off 
valve, which is controlled by an overspeed gover- 
nor, with a manual over-ride, has been used on 
the compressor delivery, and this system has 
proved satisfactory. 

It is felt that the exhaust-heated unit is in no 
way temperamental. It does not require careful 
nursing and maintenance and has already demon- 
strated its ability to run, even though combustion 
was far below the standards which it was known, 
from the rig tests, could be achieved. 

The immediate programme is to run about 
500 hours and then strip the heat exchangers and 
furnace for a complete inspection. At this 
time the hot exchanger will be modified to 
rectify the shell cooling and air-side pressure 
loss, and the plant will then be reassembled 
for further continuous running. 





British Standards Institution 


All British Standard Specificati can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1. 


GRAPHICAL SYMBOLS FOR ELECFRICAL 
PURPOSES 


Users of circuit diagrams find it convenient to 
define classes of components and to identify particular 
components in a class, by employing code letters or 
component references. For this purpose “ power ” 
engineers employ the symbols given in the 1951 
edition of B.S. 108 (Graphical Symbols for General 
Electrical Purposes), while telecommunication users 
consult the Supplement to B.S. 530 which was pub- 
lished in March, 1950. Each standard reflected the 
conventions that had grown up in the field of techno- 
logy concerned, and in consequence there were some 
inconsistencies between them. For instance, a 
capacitor was Cp in B.S. 108 and C in B.S. 530, C 
being a contactor in the former. In power diagrams 
TR indicated a tripping relay, but in telecommunica- 
tion diagrams it indicated a transformer. As a result 
of much discussion between technicians in both 
fields these differences have now been removed ; the 
simultaneous issue of amendments PD 1952 (to 
B.S. 108) and PD 1953 (to the Supplement to B.S. 530) 
show the extent to which the two classes of users 
have met half-way. As examples, a capacitor is now 
C to all users, a contactor being Con. TR remains 
tripping relay, the transformer of B.S. 530 having 
become T to conform to B.S. 108. 








ROSIN-CORED SOLDER WIRE “ ACTIVATED ” 
AND “ NON-ACTIVATED ” (NON-CORROSIVE) 


No. 441: 1954. Price 3s.—This is a revision 
of the standard published in 1932. Since that date 
methods of activating the rosin-core of the solder 
have been developed, and the new edition specifies 
solder wire with a core or cores, incorporating the 
advantages of these methods. The scope of the 
standard has been widened by the inclusion of five 
grades of solder, for each of which information is 
given with regard to melting characteristics and 
typical uses. In addition, tests have been included 
relating to the hardening of the flux residues, and to 
their freedom from corrosive action. 





Firm’s GOLDEN JuBILEE.—We have received from 
The Spiral Tube and Components Company, Ltd., 
Osmaston Park Road, Derby, a copy of an illustrated 
brochure which it has produced to celebrate its golden 
jubilee. The firm was founded in 1904 by Mr. Francis 
Edgar Bennett for the production of spiral tubing from 
metal ribbon in a small workshop in Caledonia Street, 
King’s Cross, London. The foundation stone of the 
firm’s factory in Derby was laid in 1914 and on several 
occasions since then that factory has been extended. 
During the same period the firm has established a London 
works at Honeypot Lane, Stanmore. The brochure 
records not only the growth of the firm’s business during 
its first fifty years but also gives some interesting details 
of the manyjapplications of its}products. 
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DISCOVERY AND INVENTION 


It is often held that, high as is 
Britain’s repute in the world of science, our 
application of discoveries is slow, far 
slower, for instance, than across the Atlantic. 
Fortunately this possibility is being realised 
and the Government and other bodies are 
seeking means to increase our annual output 
of highly trained technologists and to 
facilitate, as through the work of the National 
Research Development Corporation, the 
transition from inventive ideas to marketable 
products. But because specialisation has been 
pressed so very far, it must be confessed that 
our predecessors would probably have ob- 
tained far higher marks in a “‘ General 
Knowledge ” examination paper on profes- 
sional topics than would their grandsons to- 
day ! That such a confession may have to be 
admitted is a challenge to us to ask 
whether it must be so. Is it because the 
field to be covered is so much wider? Or 
that, in the circumstances of a “cold 
war ”’ atmosphere, free and ready disclosure 
of many new technical adventures must 
needs be limited ? But is it not also 
true that the opportunities for scientists to 
make their important advances seem often, 
nowadays, to be found in the boundary 
areas between two or more sciences in which 
a specialist is liable to find his knowledge 
somewhat thinly spread ? Those questions 
pose no merely academic problems ; for 
upon the finding of the right answers may 
depend the ability of our profession to keep 
ahead in its output of discovery and invention. 

During a recent scientific conference at 
Imperial College, the relation between funda- 
mental research and its practical applications 
was one of the topics debated, and the 
point was made that practical advances 
were commonly the outcome of direct 
experimentation having a definite faim, 
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rather than the result of an exploration 
depending on the slower processes of 
the scientific procedure by hypothesis, 
experiment and deduction, the merit of 
which would seem to lie rather in its widening 
of the bounds of basic knowledge and so 
revealing promising points for the practical 
ends sought by the engineer. Those ends 
cannot, however, always be clearly seen, and 
it was remarked by one speaker that even so 
good a scientist as the late Professor Karl 
Pearson did not see that the discovery of 
radio waves would immediately serve any 
useful end !. The recent Oxford meeting of 
the British Association was marked by the 
attention paid to fundamental questions, due, 
it may well be, to the example set by Dr. 
Adrian, its eminent President (and President 
of the Royal Society), who stressed the point 
to which we have already referred that the 
important fields of discovery to-day tend to 
arise in the boundary areas between the tech- 
nical and scientific studies which at one time 
used to be so clearly bounded as to be almost 
mutually exclusive. In the early days of 
physics there was no great difference between 
the experimental and theoretical branches, 
nor any division of physicists into two dis- 
tinct groups, but it is now hard for any one 
man to be a master of both techniques. The 
two sides can, however, unite, as has in recent 
years been seen with startling effectiveness 
in the study of the liberation of nuclear 
energy. Not so many years ago it was only 
feasible to study the disintegration of natural 
radioactive elements, such as radium, 
which result from the decay of parent 
substances. But such decay products must 
needs be somewhat rare, or very inactive, or 
they would have already disappeared during 
the earth’s history. Some, such as uranium 
and thorium, must needs have a_ half-life 
comparable with the age of the earth ; these 
we can study by bombarding their nuclei and 
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observing what happens. As a result of 
recent advantages—it is less than a decade 
since the first atomic bomb explodeq_ 

radioactive isotopes have already becom 
widely available in medical research as 
tracer elements, and have lately begun tp 
be found of use in engineering industry j in 
leak detecting, for thickness gauging, the 
study of wear due to friction, &c. Looking 

ahead it is permissible to wonder whothe 
it may be possible to extend considerably 
the use of the radioactive waste Products 
from nuclear reactors for assistance in certain 
industrial processes that arise in chemica| 
engineering or to find a quicker way of 
obtaining power from the fission of the 
atomic nucleus than employing it to produce 
steam power for use in the driving of electric 
generators. Many other applications 
will no doubt follow. However surpris. 
ing some of these may be, they can hardly 
prove more so than the existence nov. 
adays in so many physics laboratories 
of the huge pieces of apparatus needed for 
the study of the processes involved—such as 
synchrotrons, and their like—which can 
dwarf even the largest apparatus com. 
monly found in laboratories devoted to 
engineering studies. 

But even when laboratory requirements 
are of quite modest dimensions the results 
can be remarkable. One such was briefly 
reported, in our issue of September 3rd 
last, as the outcome of a visit to the research 
laboratories of The General Electric Com- 
pany at Wembley to see the work there being 
done on the study of semi-conductors. 
Some of it had an almost dreamlike quality ; 
to wit the creation of a block of germanium 
in which one portion has an avidity for 
gathering electrons, and the other is as keen 
on turning them away! The method of 
rectification so arrived at opens a new field 
of minute scale mechanical construction 
having very numerous uses ; although the 
full exploitation of their electromagnetic 
photo-electric and thermo-electric qualities 
may well lead to ends hard to foresee and 
perhaps untimely to forecast. Dr. Willis 
Jackson in his presidential address to the 
Engineering Section of the B.A. offered some 
remarks on such developments. The amounts 
of impurity, such as antimony or arsenic, on 
the one hand, or indium or gallium, on the 
other, which are used may be as little as a 
few parts in a hundred million of the ger- 
manium, and such transistors and the like 
promise to be of real service in submarine 
cable repeaters, in guided missile controls, and 
in the complex components of electronic 
computers. There has, since the end of the 
second world war, been a marked change in 
the view industry takes of the value of elec- 
tronic apparatus. It is finding its way into 
British factories for the control of machinery 
and for the automatic inspection of some of 
its products. This can be done with a speed 
and accuracy much ahead of manual control. 
It is upon the use of electronic apparatus 
that the conception of the “ automatic 


factory ’’ is founded. Moreover, the com- 
puting methods available through the devel- 
opment of electronic apparatus are so 
amazingly rapid and precise that it is small 
wonder that the public and private institutions 
so equipped are booked up far ahead with 
the problems set to them by industry. 
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pRIORITIES IN CAPITAL EXPENDITURE 


In much recent discussion and comment 
ypon the continuing expansion of Britain’s 
economy doubt has been expressed whether 
this country is devoting nearly enough of its 
total product to new investment. Figures 
published in the Bulletin for Industry 
some six months ago, for example, in- 
dicated that investment per head of popula- 
tion here has been running in the last few 
years at very little more than one-third of that 
in the United States and even somewhat 
below that ruling in Germany; not a happy 
situation for a country that must depend on 
its efficiency in production if it is to maintain 
its competitive power in export markets. 
Moreover, something like one-half of the 
capital expenditure is being devoted to 
housing, which, though it may have some 
relevance to productivity by improving the 
mobility of labour, has a far less direct effect 
than investment in industrial plant, machinery 
and buildings. There is, too, the further 
point that latterly there has been a pause in 
the expansion of manufacturing plants. 
Manufacturing industries, for one reason or 
another, have been spending less than they 
did two or three years ago on new shops and 
new equipment. It is true, of course, that 
there are special reasons for this country’s 
relatively low capital expenditure since the 
war. Immediately after that conflict it was 
necessary, as rapidly as possible, to increase 
exports in order to pay for food and raw 
materials, and little industrial capacity could 
be spared for the re-equipment of home 
industries. Then, just when output had been 
pushed sufficiently high for a larger surplus 
above export needs to appear, the Korean 
war necessitated a diversion of productive 
resources to re-equipment for defence. But 
now, the national product having increased 
by some 7 per cent between 1950 and 1953, 
and having reached, probably, a level today 
higher than it has ever attained before, a new 
opportunity has occurred to expend an 
increasing fraction of the total national 
income on capital improvements. 

Once, however, it is admitted that more 
money can and should be expended upon re- 
equipment a new question arises. The 
amount available will, of course, always be 
limited in relation to the suggested uses for 
it; and in these days we have travelled very 
far from that Jaissez-faire system under 
which no conscious national decisions had 
to be made since individuals and smaller 
authorities were left to decide matters for 
themselves. | What are the priorities that 
should rule in deciding how the capital should 
be spent ? Some important vestiges of the 
laissez-faire situation still, of course, remain. 
When Mr. Butler remarked at the recent 
Lord Mayor’s dinner to bankers ‘* The need 
to-day is for farsighted decisions to expand 
capacity and increase efficiency by an ever- 
increasing use of modern machinery and new 
techniques,” he was encouraging individual 
firms to plan boldly and to invest out of their 
own resources or from capital saved else- 
where in new plant and machinery chosen by 
themselves. When he introduced investment 
allowances in his Budget of last April he had 
the same idea in mind, that of encouraging 
individual firms to make their own individual 
decisions. But over very important sections 
of the economy the Government directly or 
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indirectly has control of capital expenditure. 
What priorities ought to rule there ? Would 
it be right, for example, to continue to permit 
the expenditure of large sums on the develop- 
ment of the iron and steel, coal, gas and elect- 
ricity supply industries whilst devoting very 
little to the construction of improved roads or 
to the modernisation of railways ? To what 
extent should local authorities be now 
encouraged to expend more on, say, sewage 
purification ? How quickly should the 
equipment of hospitals be allowed to im- 
prove ? Should there be officially more 
encouragement than heretofore for the build- 
ing of offices and commercial premises ? 
How soon can the country afford to make a 
start upon the erection of such structures as 
the Severn bridge ? At the moment there is 
more than a suspicion that priorities for 
capital expenditure are fixed more by the 
clarity with which the need for them can be 
seen than by any constructive planning 
as to what should really come first. 
For example, shortages of coal, steel and 
electricity, all three the products of industries 
particularly favoured for capital development, 
have immediate and very obvious effects 
upon national production. Yet inefficient 
roads and railways which have no such 
striking repercussions upon industrial out- 
put may, for all that, even more actively 
impede the raising of productivity and the 
lowering of costs. Neither should the 
influence of satisfactory office premises in 
encouraging high output be underrated, 
indirect though it is. Nor can we feel very 
certain, quite indefinite though the con- 
nection may seem, that holding back the 
modernisation of sewage works may not 
also have undesirable repercussions upon 
industrial output. 


In a recent newsletter Sir Stephen King- 
Hall asks in effect “*‘ Who plans what and why 
and how ?” As the Government now has so 
large an influence upon the way capital is 
expended, the question has point. How are 
priorities for capital expenditure decided ? 
Of course, politics have some influence. It 
may well be true, for instance, that in the 
best economic interests of the country too 
much effort is being put into house building. 
But what Government to-day could afford 
deliberately to cut the housing programme ? 
Yet over a very wide field no such political 
factors can or should rule. Decisions should 
be made on rational as much as upon 
humanitarian or electoral grounds. Like 
the Operational Research Society, which 
recently commented in its “‘ Quarterly,” we 
find it “Shard to see how a sufficiently objective 
assessment could be made by other than 
scientific methods.” It is true that the 
subject is of such complexity that full con- 
fidence in the ability of operational research 
methods to find the right answers cannot be 
expressed. For humanity plays strange tricks 
with logic. For example the burning of raw 
bituminous coal in domestic grates is widely 
proclaimed to be an inefficient and wasteful 
means of warming a room and is certainly 
creative of smoke palls and smogs. But the 
public seems to regard the cheerful flicker and 
glow of coal flames as adequate recompense 
for those ills. Logic goes by the board. 
Emotion appeals more to the masses than 
does science. Yet since operational research 
methods have already proved their value to 
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several of the nationalised boards, not tospeak 
of certain large firms which have intricate 
problems of organisation to solve, they might 
well be given a trial. 





Literature 
Jane’s Fighting Ships, 1954-55. Edited by 
R. V. B. BLACKMAN. London : Sampson, 


Low, Marston and Co., Ltd., 25, Gilbert 

Street, W.1. Price 84s. 

YEAR by year Jane’s Fighting Ships continues 
to maintain its reputation as an up-to-date 
and reliable work of reference on the world’s 
navies. The 1954-55 edition, which has 2500 
illustrations, including 380 new photographs 
and 155 drawings, is of particular interest in 
the evidence it gives of the application of 
scientific and engineering developments to 
new warships. The foreword, drawing 
attention to the principal ships and recent 
developments in each navy, refers to a new 
type of battleship as a possible future require- 
ment—a ship specially designed to carry a 
large number of long-range surface-to- 
surface guided missiles and the heavy armour 
required to protect her against similar 
missiles used by the enemy. Later, in the 
section on the United States Navy, Jane’s 
states that a battleship, three heavy cruisers, a 
carrier and several submarines have been 
converted, or partly converted, to guided 
missile ships. The most suitable vessel for 
this kind of armament would seem to depend 
mainly on whether atomic explosive is to be 
used and to a lesser extent on the range at 
which naval actions are to be fought. A 
relatively small rocket with atomic explosive 
would have all the destructive power required, 
but only a small range owing to the reduced 
amount of fuel it could carry. With con- 
ventional explosives, however, warheads 
would require to be armour-piercing, thus 
needing large rockets to carry them and a 
large ship to carry a worthwhile number of 
missiles. 

For several years after the war Jane’s—in 
common with other works of reference— 
suffered from the difficulty of obtaining 
reliable information of the Soviet Navy. 
This new edition, however, is surprisingly 
accurate, for the figures given of the number 
of Russian cruisers, destroyers and sub- 
marines differ very little from the recent 
Admiralty estimate, which must have been 
issued a considerable time after Jane’s went 
to press. Only in regard to the submerged 
speed of Russian submarines, recently built 
or under construction, is there any ground 
for criticism. They are all said to be snort- 
fitted ; indeed, there is no evidence from any 
source that they have an atomic plant or a 
closed-cycle Walther engine using hydrogen 
peroxide. To credit them with a sub- 
merged speed of 16 or 17 knots without 
qualification is thus misleading, for they 
could only maintain it for less than an hour— 
long enough to give good hope of evading 
anti-submarine vessels built during the last 
war—when their batteries would be ex- 
hausted. Jane’s estimate of the Soviet 
Navy—as now confirmed by the Admiralty— 
must be alarming to all who realise that this 
great nation of ours became great by sea 
power and will only remain great by sea 
power. How can our twenty-three fast- 
ageing cruisers—none with a gun larger than 
6in and most of them war weary—defend 
the ocean trade routes against thirty modern 
Soviet cruisers, many with an armament of 
7-lin guns, and any number of armed 
merchant raiders ? More than half-a-dozen 
cruisers had to be detailed during the two 
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world wars to round up a raider loose on the 
trade routes. Nor do we even seem able to 
retain the ships we have. The cruiser 
““ Nigeria ” has recently been sold to India 
and, according to Jane’s, two ferry carriers 
and nine wartime frigates are now to be 
scrapped. The latter might still have been 
useful for locating submarines armed with 
guided missiles. 

The Admiralty must envy the U.S. Navy 
Department, which seems to have no difficulty 
in obtaining Congress approval for more 
ships: A fourth super-aircraft carrier of 
60,000 tons is now to be built and, according 
to Jane’s, the U.S. Navy is planning to bring 
the number of these giant carriers up to ten. 
A study of the pages dealing with the 
Dominion Navies shows that the Royal 
Canadian Navy has replaced the Royal 
Australian Navy as the second strongest 
Dominion Navy. Both have one aircraft 
carrier in service and another under con- 
struction in the United Kingdom, but with 
the scrapping of the “ Australia” and 
“Shropshire ” the R.A.N. is now left with 
only one cruiser—the ‘* Hobart ”—which is 
being converted into a training ship. Only 
three “‘ Daring” class ships, instead of the 
four originally planned, are to be built, and 
the programme for new and converted anti- 
submarine frigates has been substantially 
reduced. The R.C.N., on the other hand, is 
rapidly increasing in strength and will soon 
provide a substantial addition to the sea 
power of the Commonwealth and of N.A.T.O. 
Apart from her two cruisers in commission, 
Canada is building fourteen fast anti-sub- 
marine frigates and converting twenty-one 
“River” class frigates for anti-submarine 
duties. All her seven “Tribal” class 
destroyers have also been modernised and re- 
armed for anti-submarine work. 


Hydraulic Systems and Equipment. By 
R. HADEKEL Cambridge: Cambridge 
University Press. Price 18s. 

A Goop practice for book reviewers is to 

state immediately whether the book in ques- 

tion can be recommended or not ; it can be 
stated that Mr. Hadekel’s book can be recom- 
mended unreservedly. The book, according 
to the publishers’ label, is intended “‘ for 
designers, shop foremen and maintenance 
engineers and all who use hydraulic machin- 
ery ....” This should not be taken as 
implying that the treatment is elementary. 
Indeed, the trained engineer is more likely to 
find the book of interest than the average 
shop foreman, although a knowledge of 
mathematics is not required to understand 
it. The book is well and competently 
written and the author’s experience enables 
it to be authoritative. His style is excellent, 

lacking verbosity, although sometimes a 

little difficult to follow without some con- 

centration. 

The treatment is mainly of principles of 
hydraulic equipment. Little information on 
constructional design features is given 
although what is given, is important and 
useful. Both system arrangement and com- 
ponent construction are covered. Separate 
chapters deal with such specialised hydraulic 
problems as pump idling, pilot and electrical 
control, sequence systems, energy storage, 
system characteristics with variable and fixed 
delivery pumps, and there are chapters 
dealing with individual valves, &c. The 
information on systems includes descriptions 
of all types, including complex circuits such 
as are used on machine tools. This part- 
icular section is very useful and probably 
includes much information that has not 
been published often elsewhere. 

Servo mechanisms are not discussed except 
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in so far as reference is made to some 
of the components used with them. In 
particular, there is a valuable section dealing 
with slide valve design, which includes refer- 
ence to the latest work on valve friction and 
carries a good bibliography. The author is 
quite right in stating that the theory of servo 
mechanisms “is far too complicated to be 
even sketched out here.” 

The standard of publication and the print- 
ing of text and diagrams are excellent, 
although the use of heavy “ blocking” in 
the figures is not always attractive ; for 
example, Fig. 72 with a “blocked in” 
piston is less comprehensible than Fig. 73 
where “ hatching ’’ is used. This book can 
be confidently recommended to all interested 
in hydraulic equipment, whether for machine 
tools, aircraft, tractors, vehicles, &c. Not 
the least attractive feature of the book is its 
reasonable selling price. 


Electric Traction. Third edition. By A. T. 
Dover. London: Sir Isaac Pitman and 
Sons, Ltd., Pitman House, Parker Street, 
Kingsway, W.C.2. Price 60s. 

THE first edition of Electric Traction, by 
Dover, appeared thirty-seven years ago and, 
together with the second edition in 1929, had 
a wide circulation. The scarcity of good 
literature on the subject and the growing 
general interest will ensure a still wider 
circulation of this third and modernised 
edition. The author’s academic background 
would suggest that its main appeal will be 
to the student, and a careful perusal leaves no 
doubt of this—the examination questions and 
answers and the various problems worked 
out will certainly be very welcome in that 
quarter. 

Literature dealing with technology as 
against engineering principles inevitably 
becomes obsolete and for this reason the 
engineer taking up electric traction as a 
career will not benefit by this book so much 
as the student, but he will find the various 
references useful and perhaps regret that 
they are not more prolific. The student, 
and, to a lesser extent, the electric traction 
engineer, will find the numerous illustrations 
and diagrams useful, but as some illustrate 
obsolete and some existing practice, an 
indication of period would have been 
invaluable. 

Accuracy in the production of speed-time 
and distance-time curves is the basis of much 
of electric traction engineering, and it is 
disappointing to find that only an approxi- 
mate method which produces consistently 
optimistic results is described—no mention 
being made of the classical method which 
involves no approximations. Alternating 
current traction, particularly the single- 
phase, 50 cycles version, is now very topical 
and likely to remain so, and the quality of 
the chapter on single-phase traction motors 
will make it very useful to the student and to 
many engineers who refer to the subject 
after a lapse of time. The electric traction 
engineer will, however, often be in difficulties 
if he accepts all the statements and opinions 
given by the author, many of which would 
not be endorsed by railway engineers with 
first-hand experience of the subject. The 
latter part of the introduction is particularly 
open to criticism in this respect. 

The book covers a very wide field and some 
people will think that the omission of the 
very specialised technology would have 
allowed more space for fundamentals and 
treatment of some of the many problems 
electric railway engineers have to deal with 
from time to time. Summarising, the main 
appeal of the book will be to students and 
those who wish to get a general view of 
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electric traction. The engineer who has 
taken up electric traction as a career ywil| 
use the book less and will not find recordeg 
the results of hard experience that so often 
make the difference between success and 
failure—electric traction being so very 
empirical as is all railway work. 


Engineering Analysis. By D. W. ver PLancx 
and B. R. TEARE. London : Chapman and 
a Ltd., 37, Essex Street, W.C.2. Price 
48s. 

IN his 1953 lecture on “ The Training of 

Engineering Designers”’ (THE ENGiINERR, 

May 22, 1953, page 736) Professor M‘Ewen 

remarked that ‘‘ the ordinary technical train. 

ing of the engineer equips him with an 
armoury of analytical weapons with which to 
attack the technical problem which has been 
precisely formulated either in terms of an 
examination question or of a project for 
experimental investigation. But, in fact, 
the most difficult part even of analysis of 
real situations is the formulation therefrom 
of a problem sufficiently precise to be success- 
fully attacked and sufficiently complete and 
representative for the solutions to be valid 
and useful.” The aim of Professor ver 

Planck and Dean Teare is precisely to train 

the student in what they cail “ professional 

method ’—that is, the ability to approach 

a problem logically and systematically and 

to apply fundamental principles and engineer- 

ing judgment to a situation which may be 
stated in broad or even vague terms. This he 
will undoubtedly have to do when he is in 
industry and if universities can successfully 
incorporate courses of the type covered by 
this book, there is no doubt that the graduate 
engineer will both be a better man and also 
more immediately useful in industry. It 
is to be hoped that courses of the type which 
the authors give at Carnegie Institute of 

Technology will become common. 

As “operational research,” originally a 
military technique, has spread into many 
fields, the “* professional method ”’ is found 
to have much in common with the military 
“appreciation”’; this is not, perhaps, 
surprising, except to those to whom the 
military mind appears unscientific. There is 
also a strong resemblance to the “ technique 
of design ’’ advocated, in his book of that 
name, by Mr. P. J. Wallace : his “ analyse, 
theorise, delineate, modify, draw,’ are 
paralleled by the authors’ “define, plan, 
execute, check, learn and generalise.’’ The 
parallel goes further—both books emphasise 
the importance of checking, the necessity 
to keep in mind the real objective—‘ what 
are we trying to do ? Why are we trying to 
do it, anyway ?” and the value of con- 
tinually trying to see whether the answers are 
reasonable. This is a bigger book than Mr. 
Wallace’s and the examples are many and 
varied ; but there is a common philosophy. 

The authors give instruction and examples 
on defining the problem, deciding what 
principles to apply, translating into mathe- 
matical language, checking, understanding 
and interpreting the results. The examples 
are drawn from all branches of engineering, 
including dynamics, heat transfer, electricity 
and magnetism, and the mathematical tech- 
niques employed include power series, hyper- 
bolic functions, graphical and numerical 
integration, and linear differential equations 
with constant coefficients, both homogeneous 
and non-homogeneous. It makes no attempt 
to be a textbook on either the engineering 
theory or on the mathematical techniques, 
but treats all the topics from the point of 
view of understanding what is really at 
issue. A single sentence from Chapter 4 
will serve to give the standpoint of the whole 
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hook : * Mathematics has inestimable power 
for increasing your capacity for making 
jogical deductions from a set of facts, but 
it cannot supply the facts nor can mathe- 
matics distinguish between right facts and 
wrong ones.” The selection of the right 
data for mathematical attack is the art of 
engineering analysis. 


Catalogue of the Scott Collection. Compiled 
by Berry M. Cooper, A.L.A. London : 


The Institution of Naval Architects, 
10, Upper Belgrave Street, S.W.1. 
Price 42s. 


In 1711 there was founded the firm whose 
present title is Scott’s Shipbuilding and 
Engineering Company, Ltd. One of the 
descendants of the founder of that firm 
made the collection of books, manuscripts 
prints and drawings which is the subject of 
this catalogue. John Scott was born in 
1830 and played a prominent part in the 
development of the arts of shipbuilding and 
marine engineering. In 1858, for example, 
he built for test purposes the “ Thetis,” an 
iron ship which was equipped with “* Rowan ” 
water-tube boilers. As early as the “ sixties ”’ 
he fitted a water-tube boiler in a French 
corvette, and he took a prominent part in 
the development of compound steam engines. 
He was one of the earliest members of the 
Institution of Naval Architects and was a 
vice-president in 1903, the year of his death. 

During the course of his life John Scott 
collected some 12,000 books, many of them 
very rare volumes. A number of them were 
historical with no reference to shipbuilding or 
engineering or science. But his scientific and 
shipbuilding interests led him to bring together 
also a large number of works in those fields. 
This section of the library was retained by 
the Scott family at the time in 1905 when the 
rest of the collection was sold. It was lent 
to the Institution of Naval Architects in 
1921 and finally presented to that Institution 
by the late Mr. R. L. Scott in 1930. 

For many years the collection has been 
kept in a separate room at the Institu- 
tion, known as the Scott Library. Now, 
through the labours of Betty M. Cooper, 
who was librarian to the Institution between 
1951 and 1953, this fine catalogue of the 
collection has been produced. Its compila- 
tion has involved Miss Cooper in very many 
months of such labour as only, perhaps, 
another librarian can fully appreciate. It 
has brought her into contact personally 
or through the post with a variety of people, 
including many librarians and curators in 
this and other countries. For many of the 
books in the collection are rare and it has 
been necessary to make inquiries from many 
sources to get information about them such 
as a good catalogue should offer. For the 
user of a catalogue needs to have not merely 
a list of what is contained in a collection, but 
some guidance as to what the books are about, 
as to the authority with which the author 
writes, as to the state of the volume, and as 
to the special importance, if any, of the 
work. Catalogues, of course, do nothing 
to increase knowledge in themselves. But 
how very much a well-drawn-up catalogue 
like the one before us can do to facilitate 
access to knowledge and to make known 
to the ignorant what sources of knowledge 
are available! In the production of this 
catalogue the printers as well as the compiler 
should come in for a share of praise. It is a 
model of the way in which a good catalogue 
should be set out and printed. 





GEARING.—A number of articles on gears and gearing, 
by Dr. H. Walker, which have appenses in the news letters 
of John Holroyd and Co., Ltd., of Milnrow, have now 
been reprinted in booklet form. 
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Letter to the Editor 


(We do not hold ourselves le for the opinions of our 
corre: is) 


SAFE WORKING LOADS OF ROPE BLOCKS 


Str,—After a rather lengthy correspondence 
with various members of the B.S.I. committees 
in connection with the recommended Safe 
Working Loads of Rope Blocks as given in the 
B.S. Specification 1839 : 1952, I now consider 
it advisable to call attention to the unsatisfactory 
information relating to the loads as given in 
Table II of that specification, which is causing 
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the proof load of the becket of a one-and-one- 
sheave block is given as one-third of the proof 
load applied to the block. From my corre- 
spondence, I find that the admitted mistake 
has been made by assuming that the imposed 
load (due to the pull on the rope) on the top 
block of a one-and-one-sheave is the S.W.L. 
of the block, whereas the S.W.L. is the load 
lifted on the bottom block and is only two-thirds 
of this, which then makes the S.W.L. on the 
becket one-half the actual working load on the 
block (see diagram). 

In a supposedly frictionless system of this type 


Safe Working Load and Proof Load of London Pattern Pulley Blocks 


























! 
, Safe working load of block | Proof load of block 
Nominal size | Circumference 
of block of rope One sheave Two sheave Three sheave One sheave | Two sheave | Three sheave 
or snatch or snatch 
Inches Inches Cwt | Cwt Cwt Cwt Cwt Cwt 
2 1} ? 2 3 | 3 4 6 
3 14 2 5 8 8 10 16 
4 2 ees 8 12 12 16 24 
43 24 | 44 12 18 18 24 36 
5 23 7 | 18 | 28 | 28 | 36 56 
6 3} 104 | 28 42 42 56 84 
7 i 4 | 134 | 36 | 54 | 54 | 72 | 108 
8 | 4} | 18 48 } 72 | 72 96 | 144 
| 





a great amount of controversy and misunder- 
standing to all users of this type of tackle. 

I find that a number of lifting tackle manu- 
facturers in their catalogues give a list of the 
test or working loads for London Pattern rope 
blocks, and each states that a pair of one-and-one- 
sheave blocks carries twice the load of a one 
sheave. A confirmation of this simple fact was 
obtained from a member of the B.S.I. If we now 
refer to Table II of the B.S. Specification 
1839 : 1952 (reprinted herewith) we find that the 
safe working load of, 
say, a 4in by 2in one- 
sheave block is 3 cwt, 
but the table does not 
impart any exact in- 
formation as to what 
the S.W.L. of a pair of 
one-and-one-sheave 
blocks should be, part- 
icularly noting that the 
S.W.L. of a two sheave 
is given as 8 cwt. If we 
assume that this relates 
to a two-and-two-sheave 
combination, the load 
on the rope or safe 
working load per sheave 
is2cwt. As this matter 
concerns the all-import- 
ant Factory Act Regula- 
tion (i.e. that the S.W.L. 
must be stamped on all 
such tackle) I asked 
what this should be and 
was informed by - the 
B.S.I. that this should 
be 3 cwt, the same as 
the one sheave, and 
that a one-sheave block, 
when used in a com- 
bination of one and 
two sheaves, carries a 
S.W.L. of 6 cwt—again 
2 cwt per sheave. 

To state that a pair 
of one-and-one-sheave 
blocks should not lift 
any more than a one 
sheave is, of course, in 
opposition to the usual 
trade practice and norm- 
al simple mechanical 
principles. When a bot- 
tom block is fitted to any 
lifting appliance, this must double the capacity of 
single-sheave lift, as the load is now carried a 
on two ropes instead of one. A further mistake 
is to be found in paragraph 16, page 10, where 


Imposed Load 
= Load + Pull =3 
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of tackle, it follows without question that the 
load on the becket is in inverse proportion to the 
number of falls of rope upon which the load is 
carried and that the capacity of the blocks is in 
direct proportion to the number of falls of rope. 
Furthermore, it is now agreed amongst many 
manufacturers that the only simple and “ fool- 
proof ’”’ way to mark the S.W.L. on a block is to 
stamp the “S.W.L. per sheave ’’ on each block 
which has been designed for a suitable size rope. 
For example, 4in by 2in blocks would all be 
stamped “2 cwt per sheave,” then the S.W.L. 
of any combination can be found by counting - 
the total number of sheaves and multiplying by 
2cwt. In my opinion, Table II is misleading 
and incomplete and requires amending to show 
all the correct data for each separate combina- 
tion, which would then coincide with the above 

method of marking. 
G. H. Boor 

Birmingham, 17. 





Airfield Runways 


THE design and construction of airfield run- 
ways was discussed at the Institution of Civil 
Engineers last Tuesday, when a paper by J. A. 
Skinner and F. R. Martin entitled ‘‘ Some 
Considerations of Airfield Pavement Design ”’ 
was presented. The increasing complexity of 
construction, due to increasing weights and 
tyre pressures, was outlined in the paper. 
Several possible improvements which might be 
introduced into present-day work were suggested 
by the authors, for both rigid and flexible 
construction. In their opinion the C.B.R. 
method was probably the only system which 
had been reasonably well used and proved in 
practice, but a new basis of design for flexible 
pavements should be devised. Such a method, 
they stated, should be based on an in situ ground 
test and should cover the determination of the 
stability required for the various layers including 
the surfacing. Investigation was also required, 
the authors considered, into the development of 
less orthodox methods of construction, such as 
the use of continuous layers of rolled dry lean 
concrete and stabilised soil. But perhaps the 
greatest advance, they considered, would come 
from the possibilities of prestressed concrete, 
which could give a virtually jointless slab with a 
sure flexible strength, practically unaffected by 
climatic variations. They pointed out that the 
principal difficulty in this form of construction 
was that of ensuring correct distribution of 
stress throughout the slab and overcoming the 
subgrade restraint, but a solution might lie in 
supporting the pavement off the ground during 
the process of stressing. A 6in pavement, 
evenly stressed with a few hundred pounds per 
square inch, could be enormously strong, they 
maintained, and well able to withstand the 
heaviest loads likely for many years to come. 
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The Engineers’ Tide 
By A. C. M. SIGSWORTH, M.Eng. 


The author of this article recently took a course at the Post-Graduate School of 
Applied Mechanics at Sheffield University. The article amounts to a statement 
of his reasons for doing so, his convictions that post-graduate schools of this kind 
are becoming essential for the training of engineers, and his belief that tech- 
nologically trained men should play a greater part in guiding the destinies of firms. 


“There is a tide in the affairs of men, which, 
taken at the flood, leads on to fortune; omitted, all 
the voyage of their life is bound in shallows and in 
miseries. On such a full sea are we now afloat; 
and we must take the current when it serves, or lose 
our ventures.” —Bruius. 

T is said that Great Britain has lost her 

position as the workshop of the world 
and that our salvation lies in our becoming 
the idea shop of the world. It is essential 
for our exports to have a high brain content, 
and to this end research provides a means. 
In the application of research, however, we 
have in the past been handicapped in two 
ways—first, the refusal of much of industry 
to look in this direction, and secondly, the 
shortage of staff suitably trained to develop 
those products which we are to put in the 
window of our new idea shop. 

The recent leading article’ reviewing the 
Manchester University book Industry and 
Science, and the subsequent correspondence, 
paints the present position in such drab 
colours that even the most powerfully rose- 
coloured spectacles cannot persuade us that 
the future is bright. Most of the findings 
of the Manchester investigation are merely 
echoes of much that has appeared in print 
of late, and will come as no surprise to the 
many engineers who sweat in the stokehold 
of the industrial ship, nor even to those few 
engineers who have managed (they alone 
know how !) to reach the captain’s bridge 
and see even more clearly just what is in 
front of us. 

However, even the greatest desert has its 
oasis, and the present situation was foreseen 
some years ago when some preparation was 
made to meet it by the establishment at 
several of our universities of post-graduate 
schools to attempt to relieve the acute short- 
age of men capable of translating the syntax 
of science into the vernacular of industry. 
For the success of these schools they must 
show that they can help both industry and 
the individual. The number of men who 
have yet attended is still relatively small, but 
it is desirable to take stock to see how far 
they are fulfilling their aims and the views 
of someone who went from industry to 
such a school may be of interest. 

First, as the poor are always with us, mainly 
because the economists are always here as 
well, so the industrial problem can best be 
tackled by placing technologists in senior 
positions in industrial concerns. This would 
remove much of the lethargy overnight. 
But as there would not be sufficient suitable 
technologists to go round and as man’s 
inhumanity to man (and especially to 
engineers) is well known, we cannot hope to 
accomplish this desirable aim in the near 
future. Hence, there is a need for constant 
preaching and continual persuasion to con- 
vince industry of the folly of her ways. It 
will be futile for the orthodox scientist to 
preach to the orthodox industrialist, as 
C. N. Kington? has pointed out, “ There is 
a burning need for a new class of scientist 
able to bridge the gap by reason of academic 
ability compounded with an understanding 
of works mentality and problems.” To 
help train this new class is the principal aim 
of the post-graduate schools. 

There are many who are not convinced 


that science can help them very much at all, 
but a knowledge of research technique and 
modern instrumentation can benefit the 
most unlikely industry. For instance, a 
considerable activity has developed in recent 
years in the building of excavating machinery; 
it is a comparatively young industry and 
competition, especially from the U.S.A., is 
very keen, but there are undoubtedly great 
opportunities. Development of _ these 
machines has traditionally taken place by 
building one, starting it to work on a suitable 
site and then sitting on a ready pile of spares 
to watch it work. Although each manufac- 
turer has to some extent enjoyed sitting on 
his competitors’ pile of spares as well, 
most of the available knowledge of these 
machines has been accumulated by trial and 
error methods by each manufacturer. There 
can be no doubt that these methods have 
had considerable success, but much of the 
design of these machines is done “ as through 
a glass darkly,” being greatly influenced by 
opinions, prejudices and an often unyielding 
regard for past practice. There is a certain 
amount of justification for this; you never 
shift the same load of muck twice, operating 
techniques are as numerous as operators and 
as varied as job requirements. It is known 
that if abused a machine can destroy itself, 
although there is some disagreement as to 
what is abuse. From the research angle the 
difficulty of approximating to an operating 
cycle must be faced, and, of course, when a 
test is completed there is still only personal 
opinion available to grade the relative 
severity of the test. To establish any 
standard of severity would be a somewhat 
dubious proposition and would probably be 
expensive. 

However, a recent paper® shows that a 
great deal can be learned by suitable research 
technique for devising tests at a variety of 
loads below the maximum. Less damage 
may result from occasional peak loads than 
from frequent smaller loads, and, in any case, 
a great deal can be learned by subjecting 
certain vital parts to tests at high load. 
Stress determinations made on an actual 
part under service conditions by the use of 
electric resistance strain gauges can throw 
a great deal of light on its suitability for the 
duty imposed on it. In the paper mentioned, 
these gauges and quite simple apparatus 
were used to investigate the characteristics 
of an excavator power plant; the torque 
required for such operations as simultaneous 
hoisting, swinging and crowding was deter- 
mined directly at the transmission shaft. 
Loading frequency is a great problem in 
excavator design, but research indicates 
that it may not be so open to anybody’s 
guess as was thought, since a very large 
bucket digging virgin earth was found to be 
subject to a consistent loading pattern with 
uniform digging and operating conditions. 
Some early tests indicate that it is possible 
to analyse better the requirements of brakes 
and duties on excavators which are subjected 
to a particularly arduous service. These 
examples are cited to show how research 
can help an industry which does not seem, at 
first sight, to have a product or conditions 
amenable to some conceptions of research. 
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A somewhat similar problem occurs jp 
the design of mechanical power presses, ag 
frequency and magnitude of loading ar 
widely variable, materials of work and die 
may not be consistent and there is always 
the chance of the operator feeding two 
blanks at once. Nevertheless, a photo. 
elastic investigation of the stresses in 
press frame can form the basis of a design 
in which material is used to the best advap. 
tage. One firm sent a student to the Pog. 
Graduate School at Sheffield to undertake 
such an investigation with a marked degree 
of success, not only for a particular press 
frame, but in establishing a technique that 
will be invaluable in designing any future 
press frame. 

The Manchester investigation revealed 
that industry is often in some difficulty abou 
where to go for the most appropriate source 
of knowledge, and here the post-graduate 
schools can be of immediate assistance to the 
firm that is far-sighted enough to send a 
man to one of them. One of their purposes 
is to acquaint the student with the advanced 
techniques and concepts which are of major 
importance, but descriptions of which are 
scattered throughout the vast numbers of 
technical publications and actual practical 
experience of which would be very difficult 
to secure in any other place. 

There is a great deal to be gained from 
sponsored research, but those who always 
follow the current fashion look through 
their eye-glasses and see a mighty mountain 
of objections to it instead of the irritating 
pimple which always attacks certain people 
when any change is mentioned and becornes 
particularly virulent if it should be a change 
for the better. As Professor Ewen M‘Ewen 
wrote in THE ENGINEER, “It is time the 
possibilities of sponsored research were 
re-examined without the hindrance -of cant 
and prejudice.” To some extent the post- 
graduate schools can help here, for it is 
possible, in Sheffield at any rate, for a firm 
to send a student to investigate some par- 
ticular problem on their behalf while enjoying 
ali the help which the staff and the university 
can give. 

A fear often expressed is that co-operative 
research may mean the loss of trade secrets. 
There is a great deal of myth attached to the 
value of many of these trade secrets, any 
advantage is one of time only, for many 
firms commence new designs by examining 
the comparable products of their com- 
petitors and it depends largely on the critical 
faculty of the examiner whether the new 
design incorporates the desirable or (as it 
sometimes turns out) the undesirable features 
of the competitors’ manufacture. The quality 
of the technical staff and the value placed 
upon them are the factors which will determine 
whether a firm will retain (or obtain) a 
technical lead over its competitors. Where 
a technical staff, however good, is employed 
merely to impress visitors or to give some 
substance to the sales publicity, progress is 
slow and hard won. Where the technical 
staff is valued for its own sake, the importance 
of technical knowledge is also appreciated 
and there are many cases where a firm has 
been known to suffer considerable incon- 
venience to send a man to one of the courses, 
justifiably believing that the new ideas and 
different viewpoint with which he returns is 
more than a just compensation. 

There are many considerations for the 
individual as well. Engineers working in 
industry are usually up-to-date on current 
practice in their own field, but when it comes 
to looking in someone else’s field for ideas 
they may use in their own, they frequently 
need some outside help. To appreciate the 
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considerable advances that have been made 
inevery branch of technology, some specialist 
knowledge is required which the engineer 
has not always been able to obtain in the 
course of his duties. The value of teaching 
this sort of specialist knowledge at under- 

aduate level is beset by many difficulties. 
There is the fact of an already overloaded 
syllabus to consider and perhaps most of 
all there is the nature of the engineering 

rofession, in Which a man setting out to be, 
say, a machine tool designer, may end up 
in charge of a cement factory, whilst your 
budding hydraulics engineer may find himself 
constructing roads. Because of this, it is 
advisable for acquisition of specialised know- 
ledge to be delayed until the young engineer 
has had some years in industry and has 
some idea of that branch of engineering 
to which he will likely devote his life. It 
also helps to ensure that when the engineer 
is in a position to use this specialised know- 
ledge, he obtains it in the most up-to-date 
form available. This situation is met largely 
by the post-graduate schools, which give 
opportunity, guidance and encouragement 
to study the latest methods in their own and 
related fields, to suitably qualified engineers 
who have had some years of industrial 
experience. 

One question which always looms largely 
is how to get the time off to attend such a 
course, for, as has been remarked, some 
employers are reluctant to release a man for a 
full academic year, although in the case of 
Sheffield, shorter courses can be arranged. 
The engineer also has to remember that a 
big factor in promotion is being in the right 
place at the right time—he may have to 
weigh carefully the possible improvement 
in his prospects consequent upon his enhanced 
knowledge, against the loss of any experience 
he might have obtained had he not been away 
on such a course. The general concensus 
of opinion amongst one group of students 
was that the greatest benefit would definitely 
be obtained from attending the full session. 
It is possible to use the work done on such 
a course to obtain a master’s degree, whilst 
non-graduates are eligible for the award 
of a Diploma. A student obtaining one 
of these has a great personal satisfaction 
in the course in addition to any advantage 
he may bring his employers. 

Some employers are very enthusiastic 
about post-graduate courses, and when 
releasing a suitable man give him leave of 
absence with full pay. As the man may 
study a problem immediately connected 
with his work, these employers can reap an 
immediate advantage in the improvement 
in their product on the man’s return. Not 
all employers have an eye to the future and 
one finds students who have come along 
“under their own steam.” One student 
in Sheffield, for instance, threw up his £750 
a year job to attend, although his employer 
was unable to keep his post open because its 
vital nature demanded a replacement as 
quickly as possible. It is on record that 
such a student who went on the course in 
“ Thermodynamics and Related Studies ” at 
Birmingham, doubled his salary upon return- 
ing to industry. A student intending to do 
anything like this is well advised to consult 
the university authorities beforehand, as 
there are useful grants available to suitable 
candidates. 

A graduate is not in industry very long 
before he realises that many of his superiors 
have a passing acquaintance with formulas 
such as R* and a grave suspicion of any 
theory that is not mentioned in whatever 
copy of Old Moore’s Almanac they happen 
to use, when by some mis-chance ~R? cannot 
be applied to the problem in hand. Un- 
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doubtedly, rules of thumb and the shrewd 
glance of “the engineer’s eye” have their 
place and served us well in the more leisurely 
days that are past. Such methods are being 
buried in the snow of to-day’s economic 
blizzard, but many who remember the golden 
days of the past are sceptical and sometimes 
hostile to modern methods. Consequently, 
your young engineer, who is already having 
to fight uphill against this sort of attitude, 
may be pardoned for wondering whether 
advanced knowledge is capable of having 
any practical application. At least he is 
aware after a few years in industry that 
theories that are difficult to comprehend 
because they are presented in a form that is 
difficult to digest, stand little chance of being 
converted to a practical reality. This was one 
fear that most of the students shared when 
deciding to take a post-graduate course. 
However, there is a keen appreciation of 
this problem and the lecture courses are 
designed to have a ready application to 
practical problems and the needs of the 
practising engineer are constantly in mind. 

An example of this is the lecture course 
on ‘* Gearing ” at the Post-Graduate School 
of Applied Mechanics in Sheffield. Under- 
graduate teaching on this subject leaves the 
student with the impression that it is asso- 
ciated with some obscure form of geometry, 
and the industrial gearing experience of 
some of us serves to confirm us in the belief 
that the whole subject of gear design, if not 
one of profound mystery, is at least one of 
considerable complication, and the most 
successful gears are designed by those who 
keep their fingers crossed. Of course, many 
factors associated with gear design are either 
empirical or have to be treated with some 
discretion, and this may be one reason for 
the difficulty. However, it must be recog- 
nised that someone has to design gears by 
some means or other until the theorists have 
sorted things out. Sheffield, by concentrating 
on essentials, dealing with difficulties as 
they arise in the way that industry must 
deal with them, shows the student, by precept 
and example, how to cope with almost any 
gear problem hc is likely to meet. 

Laboratory courses are particularly success- 
ful when they demonstrate experiments that 
can be applied to practical problems with a 
minimum of apparatus and are capable of 
quickly producing results to the order of 
accuracy required for industrial purposes. 
If the apparatus is of a simple construction 
that can be readily made up in the works 
engineering department with a minimum of 
delay and expense, then they are so much 
more attractive. Typical apparatus of this 
sort, constructed by students and examples 
of the kind of problem that can be solved, 
were given in a recent article.‘ 

Not all practical problems need laboratory 
tests for their solution, but what they do 
need is a better atmosphere than exists in 
many works, the sort of guidance that a 
university department can give and a relief 
from the day-to-day affairs of industry, 
tor, in the words of Ecclesiasticus, ‘“‘ The 
wisdom of a learned man cometh by the 
opportunity of leisure: and he that hath 
little business shall become wise.” 

A student at Sheffield had noticed that 
it was possible to run roller chains at speeds 
faster than that determined by existing 
formulas for limiting speeds, which are based 
on a conception of limiting kinetic energy 
of impact between the roller chain and 
sprocket. The conditions at impact are so 


involved that even if the kinetic energy theory 
is rejected, the effort and time required to 
find a satisfactory alternative is such that 
someone coming across the problem in 
industrial surroundings would probably pass 
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it by. However, after discussion with various 
members of the staff, a new approach to the 
problem was evolved, namely, the limiting 
surface stress between the roller and sprocket 
at impact. This can be related to surface 
stress values given in current British Standards 
for gears and is capable of practical 
application. 

The greatest incentive for the individual 
engineer is contained in the fact which has 
emerged not only from the Manchester 
investigation, but which has been con- 
tinually before us of late, i.e. the need for 
positions of senior responsibility to be 
occupied by men with a full technological 
training. Hard-pressed competition will 
gradually force this point home and the 
technologist will come into his own, because 
at the moment many firms are not in a 
position to recognise an idea, let alone 
bring it to fruition. Technological training 
is of the greatest importance, not only in 
recognising an idea, but in seeing ahead both 
the opportunities and the difficulties likely to 
be encountered in exploiting the idea. This 
is where it is important for the individual to 
obtain the widest range of technological 
training that he can, because only an engineer 
$2 equipped can hope to succeed in the days 
ahead. 
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Tube Stock for London Transport 


We are informed that London Transport has 
placed orders for three prototype tube trains of 
a new design. To enable full operating and 
maintenance experience to be gained before the 
placing of large production orders, an order for 
a complete seven-car train has been placed with 
each of the three manufacturers, the Birmingham 
Railway Carriage and Wagon Company, Ltd., 
the Gloucester Railway Carriage and Wagon 
Company, Ltd., and the Metropolitan-Cammell 
Railway Carriage and Wagon Company, Lid. 
Each of the three prototype trains will be made 
up of a three-car and a four-car unit, either of 
which will be capable of operating independently 
in service. The general design evolved for the 
new stock, whilst following closely the 1938/1949 
vehicle layout, has important differences in 
regard to construction, equipment, seating 
arrangements and lighting. 

The main points of difference between the 
new stock and the 1938 class will be in the use of 
unpainted aluminium alloy for exterior panel- 
ling, bogies of entirely new design incorporating 
a system of rubber-in-shear springing in place of 
conventional steel springing and, for the first 
time in tube stock, fluorescent lighting. 

The decision to use light alloys for the body 
panels follows the wholly favourable experience 
with “ R ” stock (surface line) cars, and its use 
will effect a saving in weight of about 1 ton per 
car. The underframes will be of steel. It is 
pointed out that the stock built in 1938 is already 
of light steel construction, which allows the 
traction equipment to be placed in the restricted 
space under the floor of the car. It was felt 
that the additional saving in weight to be gained 
by the use of light alloys for the underframes 
(always providing a design could be evolved 
which did not materially reduce the already 
restricted spate available) would not be sufficient 
to justify the increased primary cost. So far as 
body frames are concerned, the question of 
whether or not to use light alloys will be resolved 
at a later date with the individual builders. 

It will be recalled that rubber suspension for 
bogies was developed at the instigation of London 
Transport’s late chief mechanical engineer— 
Mr. W. S. Graff-Baker—and one car on the 
District Line has been running since October, 
1947, with a rubber bolster suspension, and 
since March, 1953, with both rubber bolster and 
rubber axlebox suspension. To obtain experience 
with this system of springing on tube stock motor 
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bogies, two bogies have been specially con- 
structed for trial purposes. In the new cars 
the opportunity is being taken to make minor 
technical improvements to achieve not only a 
reduction in capital and maintenance costs, but 
also an improved standard of reliability. In 
particular, the motor characteristics have been 
altered to improve the efficiency of operation, so 
reducing energy consumption without detriment 
to the service. The new stock will be equipped 
at the outer ends with a simple mechanical 
coupler, for emergency use only, with no through 
electrical connections. 

Some simplification of the pneumatic brake 
equipment, to improve reliability and ease 
maintenance, has been found possible, as well as 
an improvement in protection of the pneumatic 
equipment against freezing. There has been a 
further development of compensated and retract- 
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able shoe gear (already in use on post-war 
rolling stock) whereby laminated plywood shoe- 
beams are used for the mounting of positive 
shoes and tripcock, and also for operating the 
compensating mechanism of the frame-mounted 
negative shoe gear. A detachable lever, acces- 
sible through a floor-trap, enables both positive 
and negative shoes to be retracted simultaneously 
in emergency. 

For the first time fluorescent lighting is to -be 
used on tube cars and a double row of S5ft 
fluorescent lamps will be closely spaced in a 
specially-designed fitting along the centre of the 
car at ceiling level. 

Delivery of the prototype trains is expected in 
the spring of 1956 and they will be run on a 
number of the tube lines to obtain experience of 
the different kinds of traffic and conditions of 
running. 


Spectrometer for Noise and Vibration 
Analysis 


A ONE-THIRD octave spectrometer designed 
for analysing a spectrum from 10c/s to 
100 kc/s is being made by Salford Electrical 
Instruments, Ltd., Magnet House, Kingsway, 
London, W.C.2. It is intended mainly for the 
study of complex noise phenomena, but it can 
also be used for various applications involving 
frequency analysis—for example, the production 
testing of transformers and amplifiers and the 
analysis of vibration in turbine blades and 
rotating shafts. A typical application is illus- 
trated in Fig. 1, which shows the spectrometer 
being used to analyse the torsional vibration of a 
marine diesel engine shaft. 

The apparatus consists of two main units 
mounted on a wheeled trolley (Fig. 1). The 
upper unit consists of the spectrometer with its 
cathode-ray tube display and controls mounted 
in a splashproof case. The lower unit, mounted 
in a separate splashproof case, consists of a 
power pack. These units weigh 200 Ib and 
664 Ib, respectively, and both cases are fitted 
with carrying handles and runners to facilitate 
handling. 

In operation the equipment is set up with a 
suitable pick-up head applied to a convenient 
part of the source of the vibration that is being 
studied. One of three available frequency 
ranges (10c/s to 6-4kc/s, 30c/s to 10 kc/s or 
320 c/s to 100 kc/s) is selected on the spectro- 
meter display unit. Analysis of the applied 
waveform is then effected within the spectro- 
meter, as described below, and the component 
frequencies of the waveform appear on the 


Fig. 1—Spectrometer being used for analysing the torsional vibrations 
i A typical indication obtained during such a 


of a marine diesel engine. 
test is shown in Fig. 2 


cathode-ray tube as a series of vertical lines, 
The height of each line is proportional to the 
amplitude of that particular frequency com- 
ponent, and the frequencies are determined with 
the help of a series of spots which are derived 
from a mechanical time-base and form the 
horizontal scale of the display. Each spot 
represents a certain frequency and a key giving 
the appropriate frequency is mounted on a 
panel just below the cathode-ray tube, as can 
be seen in Fig. 2. Provision is made for the 
fitting of a camera to photograph the display, 
if required. 

A block diagram of the spectrometer is repro- 
duced in Fig. 3. The input circuit consists of a 
cathode follower which is coupled to a cascade 
amplifier, with a substantially flat response 
between 10c/s and 100kc/s, and to the grid of 
the overload indicator circuit. Negative feed- 
back is used in the amplifier output stage which 
consists of a cathode follower. This output is 
applied to thirty-eight filters in parallel, which 
provide the frequency-discriminating character- 
istic of the spectrometer. With the exception of 
the 10c/s, 20c/s and 30c/s filters, the spacing of 
the remainder is logarithmic with three filters 
per octave ; and the circuits of all the filters 
except the i0c/s are identical. The filters are 
designed to have a cross-over frequency of 50 
per cent above and below the mid-band fre- 
quency and the response of each filter at the 
next mid-band frequency does not exceed 20 per 
cent. 

The output of each filter is passed, via a 
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“range switch,” either to a crystal diode o 
directly to a “ filters out” switch. The Output 
from the crystal diode feeds a time constay 
circuit of either one second in the long-ting 
constant position or 0-1 second in the shor. 
time constant position. Thence the d.c. outpy 
is passed to the appropriate segment of tite filte, 
output selector which is a rotary switch having a 
moving arm mechanically ganged to the time 
base. Accordingly, the moving arm outpy 
consists of a number of d.c. pulses, the height 
of each pulse being proportional to the ampji. 
tude of a particular component frequency in the 
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Fig. 3—Block diagram of spectrometer for vibration 
analysis 


waveform under examination. This moving 
arm output feeds the output amplifier and the 
grid of the overload trip valve. The output 
amplifier feeds a final amplifier, via the “* filling. 
in” circuit, in which a high-frequency com- 
ponent is introduced, to give a vertical-line dis- 
play instead of displaced spots. The output 
valve is directly coupled to the “* Y ”’-plates of 
the cathode-ray tube. 

An overload relay and indicators are fitted 
(Figs. 2 and 3). The overload relay disconnects 
the input to the output amplifier, should a 
certain pre-set signal level be reached ; while 
the overload indicator shows whether a positive 
or negative peak is the cause of the overloading, 
and remains in operation until the input signal is 
reduced. 

The main controls of the display unit can be 
seen in Fig. 2. The range switch selects 
the output from twenty-six filters at a time to 
bring into operation the following ranges: 
(1) 10c/s to 6-4kce/s; (2) 30c/s to 10kc/s; 
(3) 320c/s to 100kc/s, and (4) filters out. In 
position (4) the filters are connected via the 
‘* filters out ’’ switch to the “ filters out ”’ ter- 
minals, so that the output from any individual 


Fig. 2—Torsional vibration on shaft of marine diesel engine at 400 
r.p.m. The display shows that the maximum amplitude is at about 


80 cycles per second 
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filter can be obtained while the cathode-ray 
tube is disconnected. The time-constant switch 
alters the time constant of the filter rectifier 
output circuit and hence the duration of the 
jmage on the screen. “The two time intervals are 
0-1 second and 1 second. 

The power pack is designed for input voltage 
ranges of 70V to 120V or 200V to 250V, 50/60 c/s 
ac. An auto-transformer arrangement is used 
to supply the 230V a.c. required for the motor, 
which drives the time base mechanism. Three 
separate high tension output supplies are pro- 
vided by the power unit and one of them is 
stabilised. All controls are accessible on the 
front panel—** on/off ’’ switches, fuses, stabiliser 
voltage control, and voltage selector. The power 
unit is fitted with micro-switches which make 
only when the connecting plug to the main unit 
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is in position. If this is not in position the 
unit cannot be switched on. 

In Fig. 1 we show the equipment set up for 
measuring torsional vibration in the shaft of a 
marine diesel engine at the works of Crossley 
Brothers, Ltd., Openshaw. An electromagnetic 
pick-up, mounted on the end of the shaft, is 
connected directly to the spectrometer. A typical 
display obtained with the shaft rotating at 400 
r.p.m. is shown in Fig. 2. The lowest range 
10c/s to 6-4kc/s, was used and the left-hand 
indicator lamp (immediately below the screen, 
Fig. 2) is, therefore, illuminated. 

The display shows that at 400 r.p.m. the ampli- 
tude of the vibration was greatest at frequencies 
around 80 c/s. When a similar test was made at 
500 r.p.m. the amplitude of the vibration was 
found to be greatest at a frequency of 64 c/s. 


Fulmer Research Institute 


UESDAY of last week was open day at the 

Fulmer Research Institute, Stoke Poges, Bucks, 
and the Duke of Edinburgh was amongst a 
large number of distinguished guests at a lunch- 
eon which preceded a tour of the laboratories. 

The Fulmer Research Institute which was 
founded in 1946 receives no grants from public 
funds, its income depending entirely on 
research work undertaken for industrial and 
Government sponsors. The work of the Institute 
lies mainly but not exclusively in the metallur- 
gical sphere. 

On the occasion of the open day this year the 
Institute was able to open its new engineering 
laboratory. In our first illustration of the 
laboratory can be seen some of the tensile creep 
machines, the group of four installations being 
used for high-precision work. At the far end 
of our other illustration is a 50-ton tensile 
testing machine and in the foreground are a 
group of fatigue testing machines which include 
high temperature bend fatigue machines and a 
Haigh fatigue testing machine, also adapted for 
high temperatures. Other equipment provides 
for tensile testing at low, normal and high 
temperatures, impact fatigue and hardness 
testing, and for the investigating of brittle-ductile 
transition temperatures on metals. The tensile 
and compression creep testing machines are 
installed in a temperature controlled room. 

One of the more important commitments 
of the Institute is its work on the extraction of 
aluminium by a catalytic distillation process. 

From theoretical considerations Dr. Gross 
deduced the existence of a monochloride of 
aluminium and subsequently went on to prove 
that pure aluminium could be produced by 


alternating the formation on heating and decom- 
position of this compound on cooling. The 
commercial process depends on the reversible 

































Some fatigue testing and impact testing machines (foreground) and 50-ton tensile machine 
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reaction between aluminium trichloride and any 
aluminium bearing material to form volatile 
aluminium moncchloride, which subsequently 
decomposes to yield aluminium and aluminium 
trichloride. Thus in an atmosphere of AICI, 
(which, subliming at 180 deg. Cent., can metal- 
lurgically be considered a gas) aluminium behaves 
like a volatile metal and can therefore be purified 
or extracted from alloys by distillation, other 
constituents being practically unaffected. Extrac- 
tion of aluminium of high purity from alloys 
produced by direct thermal reduction in an arc 
furnace is the most important application of the 
process which may also be used to purify scrap 
or aluminium of commercial purity. 

The features of the process which are claimed 
to make commercial operation an extremely 
attractive prospect are : its intrinsic simplicity ; 
costly chemical processes for the purification of 
bauxite are eliminated ; recirculation of alumi- 
nium trichloride makes continuous operation 
feasible, and operating costs are likely to be no 
higher than in the present electrolytic method. 
The cost of materials used or lost in the process 
should be substantially reduced compared with 
the present method. Further laboratory and 
development work is continuing, particularly with 







a view to encouraging commercial applications. 

Titanium.—Similar methods are now being 
applied to the preparation of pure titanium 
(and other metals) since present methods of 
production are unlikely to yield the quantities 
at a price which will make extensive application 
of this valuable structural metal possible. Early 
experimental results obtained by Dr. Gross and 
his team are encouraging and some titanium 
has been produced. Much work remains to be 
done and laboratory investigations are con- 
tinuing on the processes and the fundamental 
thermodynamic properties involved. 





275KV SEALING ENDS AT BRIGHTON “B’”’ POWER 
STaTION.—The British Electricity Authority has recently 
installed 275kV sealing ends instead of the previously 
existing 132kV sealing ends which terminate the out- 
going 132kV oil-filled cables associated with generators 
Nos. 1 and 2 at Brighton “‘B”’ power station. This 
change is designed to alleviate the effects of salt deposits 
on the porcelain insulators which are sited within 100 
yards of the sea, at the foot of a terminal tower whereby 
the circuits are carried by overhead line across Shoreham 
Harbour. On the original installation, despite protec- 
tive barriers against direct spray, the accumulation of 
salt deposits on the porcelain insulators caused flashovers 
during bad weather. To avoid excavating and re- 
routing some 100 yards of the existing 132kV cables, 
the additional length of core required to make the 


275kV sealing ends, was obtained by jointing a short 
length to the ends of the six single-core cables. The 
resulting straight joints were accommodated inside the 
new sealing ends, which were supplied and installed by 
Pirelli General Cable Works, Ltd., who also carried out 
the previous installation. 
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Transatlantic Telephone Cable* 


By M. J. KELLY, Sm GORDON RADLEY, G. W. GILMAN, 
and R. J. HALSEY+ 

A general description is given of the cable 
system which will provide thirty-five transatlantic 
telephone circuits linking the United Kingdom, 
Canada and the United States. The main link 
will consist of two cables, each nearly 2000 
nautical miles long. Each cable will contain 


Sifty-two submerged repeaters laid at depths of 


up to 2000 fathoms, whereas no existing cable is 
more than about 200 nautical miles long or contains 
more than seven repeaters. The scheme is being 
engineered jointly by the American Telephone 
and Telegraph Company, Ltd., and the British 
Post Office and it is due for completion in 1956. 


In December, 1953, plans were announced by 
the American Telephone and Telegraph Company, 
the British Post Office and the Canadian Over- 
seas Telecommunication Corporation for the 
laying of the first transatlantic telephone cable 
system. The system will provide thirty-five 
high-grade telephone circuits between the United 
Kingdom, Canada and the United States, and 
plans contemplate commercial operation at the 
end of 1956. 

In scope the project far exceeds anything that 
has been attempted hitherto ; the two cables 
on the main crossing will each be nearly 2000 
nautical milest (n.m.) long and each will contain 
fifty-two submerged repeaters, laid at depths 
of up to 2000 fathoms, whereas at the p:esent 
the longest submarine telephone cable is 
about 300 n.m. long and no cable contains 
more than seven repeaters. The American 
Telephone and Telegraph Company and the 
British Post Office have joint engineering 
responsibility for the project, which is the out- 
come of studies and experiments started many 
years ago. It will represent a major step forward 


NEWFOUNDLAND 


To Sydney Mines 


Peninsula 


Fig. 1—The route in Newfoundland 


in the evolution of the transatlantic telephone 
service which began in 1927 with the establish- 
ment of one long-wave radio circuit between 
London and New York. 

Route.—A map of the route in Newfoundland 
is shown in Fig. 1. The route between Claren- 
ville in Newfoundland and Oban in Scotland has 
been chosen so as to be well clear of existing 
telegraph cables, which lie to the south, and 
also to avoid known “ holes ” in the ocean bed. 
Selection of a landing site in Newfoundland was 
determined by the following considerations : 

(a) The cables remain in deep water until they 
enter the north-western arm of Random Sound 
where damage is not to be anticipated from 
grounding icebergs. 

(b) There is no crossing over other cables. 

(c) Clarenville provides reasonable amenities 
for the staff who will have to maintain equipment 





* Abstract. Paper presented jointly to the Institution of 
Electrical Engineers and the American Institute of Electrical 
Engineers, London, November 4, 1954. 

and Mr. Gilman are with Bell Telephone Labora- 
ordon Radley and Mr. Halsey are with the British 
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1 gaa with the cables to Scotland and Nova 
otia. 

Both the cables between Clarenville and Oban 
will be approximately 1950 n.m. long and each 
will be equipped with fifty-two repeaters. The 
greatest depth at which a repeater will lie will be 
approximately 2300 fathoms (2-6 statute miles), 
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A—Cable terminating equipment. 
B—Terminal filters and amplifiers. 
C—Terminal translating equipment. 
D—Group translating equipment. 
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of Canada ; the other will be held spare for the 
present. 

The junction point between the east and west 
parts of the system at Clarenville will be the 
group distribution frame. The transatlantic 
channels in both parts will appear on this frame 
as primary groups in the frequency range §. 


To Channel 
Equipment 








E—Through-group filters. 
F—Terminal amplifiers. 
G—Maintenance circuits. 
—Change-over switch to duplicate equipment 


c.O. 
At Oban and Sydney Mines the schematics are complementary to those of the facing equipments at Clarenville. 


Fig. 2—Schematic of the equipment at Clarenville 


but most will be at depths between 1200 and 
2000 fathoms, 

Three alternative routes connecting Clarenville 
with Nova Scotia were considered ; none was 
particularly attractive from an engineering stand- 
point. They were : 

(a) To leave Clarenville generally in an 
easterly direction and to lay the cable in a wide 
sweep round the Avalon Peninsula and in deep 
water to the south of the Newfoundland Banks. 

(6) To leave Claren- 
ville generally in a 
southerly direction, 
cross the Avalon Isthmus 
(about 5 miles wide) 
into Placentia Bay, cross 
the Burin Peninsula 
(about 10 miles wide) 
into Fortune Bay and 
thence in water of 
moderate depth to 
s Sydney Mines. 

(c) To lay the cable 
overland to Terrence- 
ville at the head of 
Fortune Bay, thence 
picking up the same 
inshore route as in (b) 
above. 

Ho) The first of these 
i would have involved a 
cable 600 n.m. long 
crossing a number of 
existing telegraph cables; 
the second, while avoid- 
ing the main fishing 
groundsand othercables, 
would have necessitated landings at four inter- 
mediate points. Therefore, after an on-site 
investigation, the last alternative was chosen. 
This section thus falls into two parts: to the 
east about 62 statute miles overland and to the 
west about 274 n.m. in coastal waters at depths 
up to about 250 fathoms. The single cable will 
be equipped with sixteen repeaters, two of 
which will be on land. 

Circuit Capacity.—The cables between Claren- 
ville and Oban will have transmission frequency 
bands extending from 20kc/s to 164kc/s and 
will provide capacity for thirty-six carrier tele- 
phone circuits, with channels at 4kc/s spacing. 
The capacity of the cable between Clarenville 
and Sydney Mines will be somewhat greater, 
because it is planned to transmit the frequency 
band 20-260 kc/s from Sydney Mines to Claren- 
ville and the frequency band 312-552 kc/s in the 
reverse direction. The cable will therefore 
provide sixty carrier telephone circuits with 
channels spaced 4kc/s apart. One of the two 
twelve-channel groups in each direction, not 
employed for transatlantic service, will be used 
to provide twelve circuits for “ local ” telephone 
services between Newfoundland and the rest 


108 kc/s. From the frame, connection will also 
be made to the local and spare groups. Equip- 
ment to bring each of the twelve channels in any 
one transatlantic group down to audio frequency 
will be installed, but not normally connected, 
The availability of such equipment is desirable, 
in order to enable impairments affecting only 
one or two channels to be localised to one part 
of the system. Fig. 2 is a schematic of the 
arrangements at Clarenville ; the arrangements 
will be generally similar at Oban and Sydney 
Mines. 

The traffic operating terminals will be in 
London, New York and Montreal. Twenty- 
nine telephone circuits will be put into service 
between London and New York, and six between 
London and Montreal. It is planned to split the 
thirty-sixth telephone circuit at the western end 
between New York and Montreal and to use it 
for other purposes. 

Telephone and telegraph circuits for main- 
tenance purposes will be provided between Oban 
and Clarenville in the frequency band below 
20 kc/s. Between Clarenville and Sydney Mines 
the telephone channels will be provided in the 
** cross-over ’’ frequency band between 260 kc/s 
and 312kc/s and the telegraph channels below 
20 kc/s in one direction and above 552 kc/s in the 
other direction. 

Overall Performance.—Since the transatlantic 
circuits will serve to connect two extensive tele- 
phone networks on opposite sides of the ocean, 
including connection to the European con- 
tinent, which will be reached through London, 
they are being designed to add as little extra loss 
and other forms of impairment as possible. For 
example, it has been agreed that the target for 
the frequency characteristics of the channels 
between London and New York, or London 
and Montreal, should be at least as good as that 
specified by the C.C.LF. for a 2500km inter- 
national circuit. Other objectives for the 

circuits compare favourably with those specified 
for long-distance circuits wholly on land.§ For 
the transatlantic circuits the “‘ via net loss ” will 
be 0:5 db measured at 800 c/s or 1000 c/s between 
London and New York (or Montreal). With a 
net loss of this order on circuits which will have a 
one-way transmission time of about 35 millisec, 
echo control will be necessary, and a study is 
being made of the best method of applying this. 
Terminating circuit pads will add 2 db to the 
loss at New York and 3-5 db at London for calls 
between the two cities, but when the transatlantic 
circuits are extended the pads will be switched 
out of circuit. Thus the normal attenuation on a 
London-New York transmission will be 6 db 

§ The followin 
London-New Yor 

a) Frequency stability better than +2 c/s. 

6) Noise less than below ImW, read on the C.C.I1.F. 
(1951) yg or 38 dba read on Bell System noise-measuring 
set wit 1A weighting. 

(c) Minimum crosstalk between any two voice channels not 
worse than 56 db. 





have been agreed for the overall circuits 
or London-Montreal : 
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(3-5+0°5-+ 2) or slightly more than the accepted 
value in regional-centre to regional-centre con- 
nections in the United States or Canada. It 
will be an agreed objective to restrict, variations 
from the normal attenuation to a standard 
deviation of 1°5 db, and this will put a severe 
requirement on the inidvidual links which may 
be difficult to meet. In all respects the require- 
ments for the Sydney Mines-Clarenville-Oban 
cable sections have to be _ Somewhat more 
stringent than for the overall circuits. 

A pilot tone of approximately 84 kc/s|| will be 





(a) Type A ; overall diameter | -84in. 

(b) Type AA ; overall diameter 2-68in. 

(c) Type B ; overall diameter 1 -40in. 

(d) Type D ; overall diameter 1-21in. 

(e) Construction of type D cable. 

A—Centre conductor ; 0-1318in diameter copper. 
B—Three 0-014Sin copper surround tapes. 


C—Polythene to 0-620in diameter. 

D--Six 0:016in copper return tapes. 
E—0-003in overlapped copper teredo tape. 
F—Gapped Telconax tape. — 

G—One serving of cutched jute. 


H—Twenty-four 0-086in diameter high-tensile steel armour 
wires, 
J—Two impregnated jute servings. 


Fig. 3—Types of cable 


injected into each group of twelve channels at a 
point where the channels appear in the 60- 
108kc/s range. Measurements of the received 
level of the tone will give an indication of the 
overall attenuation ; later the received tone may 
be used to control automatically the gain of 
terminal amplifiers on each group. In addition, 
92kc/s pilot tones, similarly injected, will be 
transmitted over each section to give an indica- 
tion of the attenuation of the section. These 
tones will be blocked from passing from one 
section to another. 

Signalling over the cable circuits will be 
designed to allow co-ordination between the 
different national long-distance signalling systems 
at the ends. ’ 


CLARENVILLE-OBAN SECTION 


As already indicated, two cables will be used 
between Newfoundland and Scotland, one for 
each direction of transmission. These and the 
associated repeaters will be of the type now in 
operation between Key West and Havana and 
have been described in some detail in the 
literature.? 

Cable.—The evolution of the cable design has 
been described [earlier in the paper]. The cable 
to be used on the transatlantic route will have a 
somewhat greater thickness of dielectric than 
that included in the make-up of the Key West- 
Havana cables and will be 0-620in in diameter. 

Manufacture of the cable will demand control 
of the dimensional tolerances to a greater degree 
of precision than has been attempted hitherto, 
because the large number of repeaters in circuit 
make it of great importance to maintain a fine 
balance between repeater gain and cable loss. 
Predetermination of the effects of temperature 
"| Slightly displaced to avoid carrier leak 


| Cable dimensions refer to the core diameter before the 
addition of the outer conductor. 
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and pressure on cable attenuation will enable 
this fine balance to be obtained when the cable 
is at sea-bottom temperature and pressure. 
Impedance irregularities must also be avoided, 
since they affect the gain/frequency characteristics 
of the repeaters. 

As is customary in cable practice, special cable 
armouring will be used near the shore ends, 
and the various types of armouring are shown in 
Fig. 3. Type A cable has an armouring consist- 
ing of twelve galvanised mild steel wires, each 
0-3in in diameter, and is laid in water not deeper 
than about 300 fathoms ; type AA, used for 
the landing, is similar, but has an extra layer of 
armouring. Type B is laid in moderate depths 
and has eighteen galvanised mild steel wires, 
each 0:16Sin in diameter. Type D is laid in 
all depths greater than about 700 fathoms ; 
it is armoured with twenty-four high-tensile 
steel wires of 0-086in diameter, each wire being 
taped, and these enable it to be laid and lifted 
in the deepest water. 

Repeaters.—The desirability of a flexible type 
of housing was referred to [earlier in the paper]. 
The structure which was finally evolved is a 
flexible bulge in the cable 8ft long and 2-8in 
in diameter, tapering for a distance of about 
20ft at each end down to the cable diameter. 
The armour of the cable itself is continued 
over the repeater housing, but with armour 
wires added to give,complete coverage. To 
prevent the twisting of the repeater structure in 
the laying operation, there is a second layer of 
wires with opposite lay. The repeater itself is 
enclosed within an 8ft-long series of cylindrical 
sections inside the housing. 

The structure of the repeater container is 
shown in Fig. 4. The whole structure is flexible, 
and passes readily over the cable drum and bow 
sheave without requiring that the ship be stopped. 
To attain this flexibility, the repeater elements 
within the container are mounted inside a series 
of Lucite (methyl-methacrylate) cylinders, suc- 
cesive units being held together by a spring 
assembly to form an articulated system. Sur- 
rounding this series of Lucite cylinders is a 
series of butt-ended steel rings, in two layers, the 
joints between successive rings in the two layers 
being staggered. Over the rings, and supported 
by them against collapse at sea-bottom pressure, 
is an envelope in the form of a copper tube, 
over which are the protective coatings and 
armouring wires. 

The repeater enclosure is terminated at each 
end with a system of seals, comprising first a 
glass-metal seal adjacent to the repeater elements, 
then a plastic seal moulded to the cable insulation 
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of the performance and condition of individual 
repeaters by means of measurements made from 
the shore ends. The techniques for doing this 
have been outlined in earlier articles describing 
the Key West-Havana system.! Briefly, the 
device used is a quartz-crystal resonator shunted 
across the feedback circuit of the repeater so as 
to remove feedback effectively over a very narrow 
frequency band which is different for each 
repeater. In this narrow band the gain is much 
higher than at all other frequencies and is very 
susceptible to changes in valve characteristics. 
Thus, system gain measurements at the various 
crystal frequencies provide a means for detecting, 
in each repeater separately, small changes in 
significant valve parameters which would not be 
disclosed with normal feedback. At the same 
time, the high gain at*resonance creates a series 
of thermal-noise peaks at the crystal frequencies. 
These can be observed by a narrow-band 
detector at the receiving end of the cable and 
will provide a means for locating repeaters 
which have failed. To accomplish this, it is 
only necessary to note the missing noise peaks, 
since these are associated with the repeater which 
has failed and those preceding it. In order to 
make this test possible even when the failure is 
caused by an open-circuit heater, a gas diode is 
provided in each repeater to by-pass the power 
supply current. | 

Repair Repeaters.—lf the cable is damaged 
during laying or in operation, it will have to be 
raised and repaired. After the repair, the cable 
length in the repaired section will be greater 
than before, and this will upset the balance 
between cable loss and repeater gain. In the 
deepest water, the extra cable length may amount 
to several miles, and to compensate for the 
additional loss, low-gain “repair repeaters ”’ 
are being provided. One of these will be inserted 
when a repair is made in deep water. 


CLARENVILLE-SYDNEY MINES SECTION 


The frequency bands to be transmitted over 
the single cable between Newfoundland and 
Nova Scotia are those used by the British Post 
Office in most of its shallow-water schemes, 
except that the bottom frequency band is lowered 
by 4kc/s so that the three transatlantic groups 
can occupy the same frequency band as on the 
section between Newfoundland and Scotland ; 
this will simplify the frequency-translating 
equipment. 

Submarine Cable.—The structure and dimen- 
sions of the conductors and core of the submarine 
cable will be identical with those of the cable used 
between Clarenville and Oban; the cable will 





‘ 15% dia. | 
2% dia A c e | 
” | 
| 150'- 0" Including Tails | 
r pene aon 
Repeater-unit sections. . 
1, Input terminal. 6. First-stage pentode. 11. Output network. 16. Output blocking capacitor. 
2. Input blocking capacitor. 7. First inter-stage network. 12. Feedback network. 17. Output terminal. 
3. Earthing capacitor. 8. nd-stage pentode. 13. Feedback network. 
4. Crystal. 9. Second inter-stage network. 14. Gas diode. 
5. Input network. 10. Third-stage pentode. 15. Drier. 


A—Armour bedding and corrosion protection. 


B—First layer of armour wires. 


C—Second layer of armour wires. 


Fig. 4—Repeater, Clarenville-Oban section 


and finally, at the extreme ends, a 7ft long seal 
formed within a copper tube which is an extension 
of the repeater housing. In order to penetrate 
the housing, sea water would therefore have to 
thread a long multi-barriered path. All seals 
are adapted for the sea-bottom pressures that 
they may have to withstand. 

The fifty-two repeaters in each cable will be 
located at intervals of approximately 37 n.m. 
They will be fed with d.c. power originating 
at each shore end, the power feeding arrange- 
ments being described below. Each repeater 
will produce a voltage drop of 55V at a current 
of 225mA initially, but after a number of years 
the current can be increased to a maximum of 
245mA (64V per repeater) to offset any deteriora- 
tion in valve emission. 

Testing Arrangements.—Frequencies in the 
range 167-174kc/s will be used to keep track 


have A or B type armouring (Fig. 3). It will, 
however, be tested to a specification appropriate 
to the higher frequencies to be transmitted and 
having regard to the fact that some slight ease- 
ments are possible because the impedance of 
the repeaters in this section will approximately 
match that of the cable. 

Land Cable.—The land cable will be basically 
the same as the submarine cable, but, being 
more subject to electrical interference, it will be 
screened with layers of soft iron tape applied 
over the outer conductor. The tape in turn will 
be protected from corrosion by a polyethylene 
sheath, over which will be applied jute bedding 
and armour wires. The cable will be laid in a 
trench at a depth of approximately 30in, where 
the temperature is expected to have an annual 
variation of about 35 deg. Fah. and a maximum 
daily variation of about 2 deg. Fah. Guard 
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wires, for protection of the system against 
lightning, will be laid in the trench above the 
cable. The two repeaters in the land section 
will be identical with those in the sea and, 
according to the terrain determined in the final 
survey, will be laid in ponds, buried in the 
ground or located in small manholes. 

Repeaters.—The mechanical design of the 
repeaters which will be used in this section is 
shown in Fig. 5. The electrical equipment is 
mounted in an inner sealed cylinder 4ft 2in long 
and 73in in diameter, filled with dry nitrogen. 
It is mounted between brazed-in bulkheads in 
the pressure-resisting outer housing, which is 
about 9ft long and has a maximum diameter 
of 104in. The glands are polyethylene mouldings 
which are integral with the cable dielectric and 
which are shrunk on to castellated bosses, 
previously treated so as to form a bond with 
the polyethylene. The cable armouring wires 
are made-off under clamps, which transfer the 
laying tension to the housing; the design of 
these clamps is adequate to permit of laying the 
repeaters at ocean depths, although, of course, 
such strength will be unnecessary for cable- 
laying operations between Newfoundland and 
Nova Scotia. 

The sixteen repeaters in this section will be 
located approximately 20 n.m. apart. Electrically 
they will be arranged to give both-way amplifica- 
tion, as shown in Fig. 6. A feature of the design 
is the inclusion of balanced bridges at each end 
of the repeater, which not only supplement the 
directional discrimination in the filters by a 
minimum of 20 db, but also contribute sub- 
stantially to the equalisation. The bridges also 
have the advantage that the intermodulation 
requirements in the filters are reduced so that 
small high-Q-factor ferromagnetic-cored coils 
can be used. Apart from the equalisation pro- 
vided by the directional bridges, the repeater 
derives most of the necessary gain/frequency 
characteristic from the two-terminal feedback 
network. 

There are two three-stage amplifier units in 
parallel between common input and output 
transformers with a single feedback path. The 
feedback network will maintain the repeater 
gain if one amplifier unit becomes inoperative, 
but the overload point is reduced by 5 db under 
this condition; a faulty component in one 
amplifier unit cannot affect the other unless it 
introduces circuit noise: In comparison with a 
system using single amplifiers, the probable 
life of each repeater is increased and the prob- 
ability of early faults on the’ system is greatly 
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processing but result in valves which should have 
stable characteristics over very long periods of 
time. 

The heater of each valve requires about 
300mA at 5-5V, and the six heaters in each 
repeater are series-connected ; the cathode- 
anode p.d. (90V) is derived from a separate 
resistor carrying the line current. Each group 
of three heaters is bridged by a device which 
will short-circuit the group if a heater fails and 
thus maintain the line current. 

The accommodation afforded by the rigid 
housing not only permits the complicated circuits 


F 


Cable West [- 
~ 


| 


| 


Cable East 


| = Repeater Power 
“i Circuit (D.C.) 
F, 
A—Amplifier. 
B—Balanced bridge. 
F,, Fy—Low and high-pass power filters. 
F; F,—Low and high-pass directional filters. 
———>West-east channels, |.f. group. 
«———East-west channels, h.f. group. 


Fig. 6—Schematic of both-way repeater 


of the British repeaters, but also makes it possible 
to design some of the components on more 
generous lines than can be fitted into the Ameri- 
can flexible housings. For example, the power 
capacitors use a non-polar dielectric of mineral 
oil instead of polar castor oil and are subject 
only to about one-third the electric stress. 
Silvered-mica capacitors will be used only where 
the polarisation is less than 10V, and at all other 
points the capacitors will be of the sealed oil- 
impregnated-paper type. 

Testing Arrangements.—It is an advantage of a 
both-way cable that, if some form of frequency 
translation is possible in each repeater, signals 
transmitted from one terminal can be returned 
from the repeaters to the same terminal. In 
this instance the frequency translation in the 
repeater is effected by a frequency doubler 
associated with filters accepting frequencies in 
the range 260-264 kc/s (i.e. from Sydney Mines) 
which are individual to the repeater. Signals 
at twice these frequencies are returned to the 








10'4" dia. 


— 








A—Inner unit enclosing electrical apparatus. 
B—Bulkhead (brazed in). 
C—Armour clamp. 


D—Flexible diaphragm enclosing Vistac, V. 
G—Castellated gland. 


Fig. 5—Repeater housing for Clarenville-Sydney Mines section 


reduced, as shown theoretically in the Appendix 
to an earlier paper.? 

The wide frequency range to be transmitted 
over the cable between Clarenville and Sydney 
Mines will be made practicable only by the use 
of comparatively modern high-performance 
valves with a mutual conductance of 6000 
micromhos. It is well known that the mutual 
conductance of valves using conventional cathode 
cores—nickel with a small content of silicon and 
magnesium—decreases with time owing to the 
growth of a resistive interface between this core 
and the emissive material of the cathode ;_ this 
interface applies negative feedback to an extent 
which increases with age. Work in the Post 
Office Research Laboratories has shown that 
the formation of an interface can be prevented 
by the use of pure platinum cathode cores. 
Cores of this kind, known as “ passive” cores, 
will be used ; these increase ‘the difficulties of 


sending terminal and enable an accurate measure- 
ment to be made of the transmission level at 
the output of each repeater at any time. 
Pulse-testing equipment will also be provided 
at each terminal to permit measurements of the 
overload point of each repeater. The repeaters 
will be identified on a time base and the frequency 
translation effected by the overload distortion 
of the amplifier itself. This test can be carried 
out in either direction, by direct harmonic 
production in one direction and by intermodula- 
tion of a two-tone signal in the other direction ; 
it is aimed primarily at determining whether 
both amplifiers are functioning in each repeater. 


PowER FEED TO REPEATERS 


The arrangements for feeding power to the 
repeaters on the two sections are generally similar 
and involve the use of constant-current genera- 
tors at both terminal stations, series-aiding and 
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arranged so that one end controls the value o 
the line current (Fig. 7). 

The repeaters on the Clarenville-Oba1 section 
will require initially a total driving voltage of 
about 3900V, increasing later to abou: 4450y 
or up to about 4700V if it is necessary to introduce 
additional repeaters after repairs ; the maxim 
voltage on the cable will be half of this. For the 
repeaters on the Clarenville-Sydney Mince: section 
the necessary total driving voltage will be aboy 
2300V and, if necessary, it will be possible to 
feed this from one end only, since the power 
capacitors are adequately rated. 

The constant-current generators used on the 
two sections will differ in several respects. Those 
on the Clarenville-Oban section will derive the 
constant-current feature by feeding via high. 
impedance pentodes with a mechanical regulator 
to absorb all but short-term variations, |p 
order to assist continuity of the line current, 
the load will be shared by two generators a 
each end, each generator being capable o! taking 
the full load. Transductor-controlled power 
units will be used for the Clarenville-Sydney 
Mines section. 

Every effort will be made to ensure continuity 
of the d.c. power supply to the cable, so as to 
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(a) General schematic. 

(6) Repeater power circuits for Clarenville-Sydney Mines 
section. 

(c) Repeater power circuits for Oban-Clarenville section. 


Fig. 7—Basic power-feeding arrangements 


avoid voltage surges at the repeaters, and in 
order to assist this the a.c. supplies to each 
power-feed unit will be derived through a.c./d.c,/ 
a.c. machines. These machines will be normally 
driven from the supply mains, but in the event 
of mains failure, diesel-engine-driven alternators 
will be started up automatically. There will be 
two stages of standby : 

(a) The a.c./d.c./a.c. machines will continue 
to run, driven from a 130V battery which 
energises the d.c. machine. 

(6) If the mains failure is of long duration, the 
standby diesel plant will take over. 


CABLE LAYING ARRANGEMENTS 


Ail the cable will be laid by H.M.TS. 
“Monarch.” This ship, which was built for 
the British Post Office in 1945,‘ has a gross 
tonnage of 8056 and, with full oil bunkers, can 
carry between 5000 and 6000 tons of cable.** 

“Monarch” is the only cable ship afloat 
capable of laying the whole of the deep-water 
part (about 1500 n.m.) of each cable between 
Newfoundland and Scotland in one operation. 
From earlier sections of the paper it will be 
obvious that it is desirable to avoid any sequence 
of operations which will make it necessary to 
pick up a cable end and to make a splice in deep 
water. Such operations will have to be carried 
out if repairs are necessary after the cable has 
been laid, but inevitably introduce some risk 
of the cable kinking ; the initial laying will be 
planned to avoid them. All repeaters will have 
been jointed into the cable before it is loaded 
into the ship. 

A period of twelve days during which con- 
tinuously good weather conditions may be 
anticipated is necessary in order to carry out 
the main operation without undue hazard to the 





** The tons referred to here, and in the paper generally, ar¢ 
long tons of 2240 Ib. : : 
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repeatered cable. In the North Atlantic such 
conditions are unlikely, except during the period 
from mid-May to mid-September, and it will 
not be practicable tolay both the cables on the 
main crossing in one summer. It is planned to 
lay one of these cables during the summer of 
1955 and to complete all cable laying operations 


in 1956. 

Or ough the flexible built-in repeaters are 
designed to be handled as part of the cable, it is, 
of course, desirable not to bend them to a small 
radius. New cable drums of approximately 7ft 
diameter are being fitted on the “Monarch,” 


this being the largest size that can be accom-. 


modated without major structural alterations. 
Bow and stern cable sheaves will also be made 
this diameter. Roller guides with a minimum 
radius of 3ft 6in will replace the existing spider 
wheels and “‘ spectacle’ guides throughout the 
ship, in order to ensure freedom from sharp 
bends and an easy run of cable from the tanks 
during Jaying. Various devices which proved 
successful when laying the Key West to Havana 
cables will be fitted to ensure that the repeaters 
conform to the curvature of the cable drums and 
to ease their passage round the drums and at 
other points. 

Three new dynamometers will also be fitted, 
two forward and one associated with the paying- 
out gear aft. Sheaves of 7ft. diameter will be 
used, associated with electrically sensitive pressure 
cells. The latter will be arranged to operate 
indicating and recording instruments on deck 
and in the test room, and will enable the tension 
on the cable to be controlled closely as it is paid 


out. 

The laying of the cable between Newfoundland 
and Nova Scotia will present no special problems, 
but an electrically driven hoist has been fitted 
over the ship’s bows to facilitate handling the 
rigid repeaters. 


CONNECTION TO INTERNAL TELEPHONE 
NETWORKS 


From Oban the transatlantic circuits will be 
taken to London by carrier cable ; there will be 
two alternative routes, one via Glasgow and the 
other via Inverness and Aberdeen. In London 
it will be possible to connect any transatlantic 
circuit to any one of the existing submarine cable 
circuits to the Continent of Europe, thus pro- 
viding through cable communication between 
North America and continental Europe. On 
the American side a microwave radio relay 
system will connect Sydney Mines with Portland 
(Maine). This type of system, which makes use 
of line-of-sight transmission between relay 
stations, has already been extensively installed 
in the United States as a means of providing long- 
distance telephone circuits of the same quality 
as cable circuits. From Portland the circuits 
will be extended to New York by carrier cable or 
radio relay. Cable connection to Montreal will 
be effected at a point on the radio relay system 
near the United States-Canada border. 


CONCLUSION AND SPECULATION 


Barring unforeseen and unexpected delays, 
1956 should see the completion of the first trans- 
atlantic telephone connection via submarine 
cable. With the completion of this project, 
telephone service between the two continents 
should enter into a new era marked by improved 
quality of service and reliability, and a capacity 
for growth no longer restricted by the limited 
capacity of the radio spectrum. However, the 
advantages of radio—flexibility, the speed with 
which communications can be established and 
shifted from route to route, the feature of direct 
access from one country to another, relatively 
low cost, &c.—will remain. These are not 
inconsiderable advantages and they augur well 
for the continued importance of short-wave 
radio telephone services. 

On the other hand, the new transatlantic cable 
will by no means represent all that could be done 
if full advantage were taken of contemporary 
techniques. The submarine cable art is a con- 
servative one. As Dr. Buckley observed, the 
laying of a submarine cable, like any other 
activity on the high seas, must be planned with 
its unavoidable hazards in mind. « Experience 
over 100-years has shown that when handling 
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deep-water submarine cables on the high seas it 
is better to be safe than sorry. 

But the consequences of this doctrine of 
caution are equally plain. The submerged 
repeaters in the 1956 deep-water cable section 
incorporate valves whose proven design dates 
back to 1941, and with a mutual conductance of 
1000 micromhos. On the other hand, “ con- 
servative ’ post-war valves provide mutual con- 
ductances of about 5000 micromhos, and valves, 
having a slightly better performance than this 
will be used in the cable system between New- 
foundland and Nova Scotia under conditions 
where the consequences of valve failure will be 
minimised. The integrity of such post-war valves 
under the severe and highly specialised con- 
ditions of installation and use encountered in 
submerged repeaters remains to be established. 
On the other hand, it is without question that, 
with such new valves, cable systems having still 
greater communication capacity can be realised. 

Looking still further ahead, the transistor 
looms as a development which has the poten- 
tialities for making possible long deep-water 
submarine cables with much greater communica- 
tion capacity than can be realised with repeaters 
employing thermionic valves. The voltage 
required by the valves sets an upper limit on the 
number of them that can be operated in tandem 
before the power supply results in voltages on the 
cable that are beyond the limits of safety. The 
much lower power drain of the transistor should 
overcome this obstacle and permit more repeaters 
to be used and wider frequency bands to be 
transmitted. Ruggedness, long life and small 
size are added attractive features of the transistor 
which are of not inconsiderable important to the 
future development of submarine cables. 

A transatlantic submarine television cable is 
a long-range goal worthy of serious study and by 
no means to be dismissed as impractical of 
eventual attainment. 
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Aluminium Underground Cars for 
Toronto 


Four aluminium alloy. cars have just been 
completed for the first Canadian underground 
railway system in Toronto. These cars were 
designed and built by the Gloucester Railway 
Carriage and Wagon Company, Ltd., which 
also supplied all of the 100 steel cars now in 
service. It was decided to introduce these four 
aluminium cars, with two more to follow, in 
order to assess the economics of aluminium 
construction for this type of vehicle in service. 
The new cars are similar in general design, 
capacity and power to the steel ones, so that a 
direct comparison of performance and operating 
costs will be possible. The use of aluminium has 
resulted in a weight saving of 54 tons per car, 
reducing the weight of the superstructure, com- 
plete with all equipment, from 224 tons of the 
steel vehicles to 16} tons. To assess comparative 
power consumption, meters have been fitted in 
the aluminium cars and in four steel cars. 

In the standard cars used in Toronto, an 
operating unit consists of two cars, one carrying 
the air compressor and the other the auxiliary 
motor generator set ; a train may comprise up 
to four two-car units. The cars are 57ft long 
and over 10ft wide, with seating for sixty-two 
passengers and a total capacity of 230. Four 
68 h.p. frame-mounted traction motors power 
each car and automatic retardation control is 
provided. 

For the aluminium cars, the economics were 
investigated by the Aluminium Development 
Association, and recommendations were later 
made by the Association and by Northern 
Aluminium Company, Ltd., which supplied 
the ‘structural material. Aluminium alloys, in 
the form of fully heat-treated sections, plate and 
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sheet were used for all structural members above 
the bogies with the exception of the main bolster, 
which is in steel. In building extensive use was 
made of argon-shielded tungsten arc welding 
process, whilst for the riveted joints aluminium 
alloy rivets were employed. The attachment 
of the external panelling is of special interest, 
the edges of the panels being butt welded and 
attached to the framing by riveting. A high 
initial finish was required in riveting as no filling 
or painting was to be done on the vehicles, and 
the methods adopted successfully rendered the 
lines of rivet heads imperceptible on the finished 
cars. 





Canadian Engineering News 
( By our Canadian Correspondent ) 


The twelfth annual convention of the Municipal 
Engineers’ Division of the B.C. Engineering 
Society took place in the Okanagan city of 
Kelowna, British Columbia, on September 16th, 
17th and 18th. More than 200 delegates attended 
the gathering, under the chairmanship of G. W. 
Meckling, P.Eng., Kelowna’s municipal engineer. 
Mr. Goode, public health engineer for the 
provincial government, speaking on “ Sewage 
Treatment,” referred to the increasing pollution 
of B.C. waters, despite the abundance of water 
resources, stating that as the use of provincial 
water reserves increased, so the capacity of the 
streams to assimilate wastes decreased, and the 
sewage disposal problems of municipalities were 
thus aggravated. A particularly interesting talk 
was given by Mr. Libby on “ External Under- 
ground Pipeline Corrosion.”’ Listing the causes, 
he brought out the following :—Reaction of 
different materials in accordance with electro- 
motive series ; different surfaces of the same 
material ; differing electrolytes ; differences in 
degrees of hardness and stress ; aeration and 
irregular currents ; long line current, and corro- 
sion due to anaerobic action. Speaking of the 
science of corrosion engineering, he said that the 
fundamentals of the reactions were the principles 
of the dry cell, and that pipeline coatings were 
actually materials of electrical insulation. The 
1955 meeting is scheduled to be held in Nanaimo, 
Vancouver Island, under the chairmanship . of 
A. P. Leynard, P.Eng., city engineer of that city. 


* * * 


A steel and concrete crib pier, fog alarm and 
lighthouse is being constructed at White Island 
Reef, Quebec, in the St. Lawrence River. The 
contractor for this pier construction is the 
Foundation Company of Canada, Ltd., with 
the steel crib subcontracted to Davie Shipbuild- 
ing, Ltd., Lauzon, Levis, P.Q. The unit consists 
of a steel crib with an 80ft diameter base, and 
with a 56ft diameter top section, which is the 
flooring platform for the actual lighthouse 
structure. Weighing approximately 250 tons, 
the height of crib is 67ft, which is in form a 
truncated cone with an inverted smaller truncated 
cone acting as the flooring structure. It is of 
tin and fin steel plate, and will be sunk on the site, 
being filled by pressure-grouted crushed stone. 
Prior to launching, to ensure stability, a rein- 
forced concrete base was necessary, approxi- 
mately 1000 tons of concrete being poured prior 
to launching. After launching the balance, about 
2000 tons, was poured. The unit will hcuse 
navigational aids, and necessary personnel, in 
its superstructure. 


* * ° * 


A Canadian consulting engineering firm, work- 
ing in conjunction with a London corporation, 
has been carrying on an engineering survey of 
the hydro-electric potential of British Guiana. 
Working with the Colonial Development Cor- 
poration, of London, with which Mr. F. J. 
Bartholomew, Vancouver, stated he had been 
in association for several years, they have con- 
firmed the large potential of the country and have 
a 10,000 h.p. scheme under consideration. The 
firm, which bears Mr. Bartholomew’s name, is 
designing the first step, a 2200 h.p. unit of a 
hydro-electric plant, the potential output being 
4500 h.p. This power plant is located on the 
Potaro River, at the Turnatumari Rapids. 
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“ Dyseac” Electronic Computer of the 
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National Bureau of Standards 


( By Our American Editor ) 


The ** DYSEAC” high-speed digital electronic computer was developed by the 
Electronic Computers Laboratory of the National Bureau of Standards to serve as 
both a versatile tool for solving various system-simulation problems and as a proving 
ground for evaluating certain logical component design methods and packaging 


techniques. 


The circuitry of the computer has been reduced to standardised etched- 


circuit plug-in packaged units. It uses electrical delay lines for all incidental pulse 
storage and transformer-coupled pulse amplifiers having only one valve each. 
The computer was delivered for use by the U.S. Army Signal Corps earlier this year. 


| developing the ““DYSEAC”’ high-speed 
digital electronic computer, the National 
Bureau of Standards utilised electronic circuits 
similar to those used in its “‘ SEAC ”’ computer. 
These circuits were based on the performance of 
all logical operations by diode gating, the use of 
electrical delay lines for all incidental pulse 
storage, and the use of transformer-coupled 
pulse amplifiers, using only one valve for all 
amplification. In the case of “‘ DYSEAC ” this 
circuitry has been reduced to standardised 
packages. Only two kinds of etched-circuit 
plug-in packages are required as basic building 
blocks in this machine. Thus it has been possible 
to use modular construction throughout the 
computer and to simplify design practice, con- 
struction and maintenance. . 

** DYSEAC ” is similar to “‘ SEAC ”’ in several 
other respects. It operates at a basic repetition 
rate of 1 Mc/s, uses a serial mode of data repre- 
sentation and employs a serial acoustic memory. 
However, its operating capabilities have been 
extended considerably beyond those of ““ SEAC ” 
by the incorporation of several special logical 
design ideas, whereby the computer can com- 
municate in an extremely flexible manner with a 
large group of external devices performing 
many diverse functions. Among the devices 
which may be attached to the computer are those 
that store, tabulate, file, convert, display, and 
sense information; or devices that actuate 
mechanisms such as servo-equipment in response 
to signals sent out by the computer as a result of 
information being processed within it. Even 
other full-scale computers employing the same 
digital language may be attached to this machine. 
The new computer has been designed so that com- 


munication between any of these external devices - 


and the central computer (or between the central 
computer and the persons operating it) can 
take place at any time, on a completely un- 
scheduled basis. Such impromptu interchanges 
of information can be instigated either by the 
central computer or by the external world com- 
municating with it, or by both acting jointly. 
This facility enables the computer to respond to, 
as well as to control, the family of external devices 
which can be annexed to it. In response to the 
activities of these external devices the computer 
can interrupt or alter its internal programme at 
any time in order to redirect or assist them as the 
work progresses. Consequently, the computer can 
be used to co-ordinate the several activities of the 
external devices into an effective joint operation. 

An unusual external device which has actually 
been attached to “‘ DYSEAC ”’ is the ““ SEAC ” 
computer. One complete experimental run was 
made, which demonstrated the ability of 
““DYSEAC” to respond to monitor signals 
originating in ““SEAC’” and to interrupt its 
programme to receive and process data from 
*SEAC.”’ The two machines wefe thus made to 
work co-operatively on a common task which 
involved preliminary processing of data by 
““ SEAC,”’ transmission of these data and pro- 


gramme information from ‘“SEAC”’ to 
“ DYSEAC,” and further processing by 
“ DYSEAC.” ‘“ DYSEAC” worked on an 


entirely different task during the intervals in 
which it waited for “‘SEAC”’ to transmit addi- 
tional data. This other task involved operations 
which simulated an independent productive pro- 
gramme running concurrently with the shared 
programme. 

The arithmetic powers of “ DYSEAC”’ have 


not been greatly expanded over those in “* SEAC.” 
Instead, major emphasis in design was placed on 
providing versatility of control facilities and 
latitude for expansion. It was deemed important 
to provide for a future expansion of the high- 
speed internal storage capacity in case this 
should become important for a particular appli- 
cation. Accordingly the system has been pro- 
vided with convenient means for supplementing 
the initial memory capacity of 512 words with 
additional storage units up to a total capacity 
of 4096 words. The engineering properties of 
*““ DYSEAC ”’ are directly related to its intended 
use as a data processing centre which can be 
placed at various operating sites without particular 
difficulty. The equipment is distributed between 
two 40ft trailer vans. The major portion of the 
equipment—three computer racks, the memory 
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the outward-looking units. The latter serve 4 
communicate with the external devices ang 
include the input-output buffer, the externa) 
selector, the concurrent input-output control, the 
display staticiser, and the serialiser. 

The input-output buffer transmits information 
at the proper repetition rates from the external 
unit to the internal memory during an inpy 
operation and in the reverse direction during ap 
output operation. The buffer receives words 
from the memory at the normal interna! repetj. 
tion rate of 1 Mc/s and then transmits them 
digit by digit, at the measured rate appropriate 
to the external unit. The external unit itself 
specifies the word format and the repetition rate 
appropriate to it. 

The external selector is a high-speed s\, itching 
device and selects the external unit with which an 
input-output operation is to be performed. | 
provides the signal required to complete the 
circuit connections for the lines carrying both 
the digital information and the control signals 
needed to operate the external unit. The externa] 
selector is capable of selecting among forty-eight 
external mechanical relay switches, but it can be 
expanded to handle 256 distinct information 
channels, such as individual parallel magnetic 
drum channels or high-capacity magnetic filing 
systems. 

The concurrent input-output control regulates 
the detailed progress of all input-output opera- 
tions requested in the course of the internal 
programme. It directs the flow of traffic between 
the memory and the input-output buffer, and 
between the buffer and the external selector. 

The display staticiser and the serialiser are 
specialised input and output organs adapted 





Fig. 1—The 40ft trailer van carrying 


cabinet and the control console with input- 
output facilities—is installed in the computer 
van (Fig. 1). The second van houses regulated 
d.c. power supplies and provides a general- 
purpose area for special equipment, storage and 
work space. Each van also has its own air 
conditioning equipment: Thus, “ DYSEAC”’ 
is a self-contained unit, and, thanks to the pro- 
vision of a mobile power plant consisting of two 
50kW diesel engine-driven generators, it can be 
operated in completely isolated areas. The three 
racks and the memory cabinet are shock- 
mounted to reduce the possibility of damage 
from road shock and vibration during transport 
from one operating site to another. 


FUNCTIONAL ORGANISATION 


The computer is organised around the high- 
speed memory (Fig. 2). This unit receives and 
distributes to the other internal units the informa- 
tion (numbers and instructions) to which the most 
rapid access is needed for carrying out the work 
of the machine. The memory communicates 
principally with five major units of the system. 
Of these, two are primarily concerned with 
internal processing activities and three with 
external relations. A continuous flow of digital 
information may be maintained simultaneously 
between the memory and the inward-looking and 





** DYSEAC ”’ computer equipment 


, 


especially for ‘real-time ’’ operations. The 
display staticiser is a register storing twenty- 
eight binary digits in parallel for controlling, for 
example, a digital-to-analogue converter which 
provides deflection voltages for a cathode-ray 
tube visual display. The serialiser unit is pro- 
vided for continuous external input devices. It 
can accept one full word of forty-five binary 
digits delivered in parallel in the form of asyn- 
chronous pulses from an external unit, and can 
then transmit the work in synchronised normal 
serial form to any other units of the system 
capable of reading words out of the high-speed 
memory. 

The arithmetic unit carries out arithmetic or 
logical choice operations. Arithmetical results 
are written directly into the high-speed memory, 
and control signals specifying the outcome of 
the discrimination operations are sent directly 
to the programme-sequencing and control unit, 
where they serve to modify the choice of memory 
location from which the next instruction is to 
be read. An additional route of communication 
to the input-output buffer provides for the 
loading or printing out of the contents of the 
arithmetic accumulator register directly, via the 
electro-mechanical typewriter (Fig. 3) or mag- 
netic input-output units. The remaining unit 
in direct communication with the high-speed 
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memory is the instruction register. Instruction 
words are transferred, one at a time, from the 
high-speed memory into the instruction register. 
From this unit information contained in different 
segments of the instruction word is selected by 
the programme control unit and transmitted to 
yarious other internal units throughout the 
system, and simultaneously to the concurrent 
input-output control for checking against pos- 
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The first of these is a ‘‘ concurrent operation ”’ 
property. External-transfer operations, which 
transfer information between the computer and 
the external devices, can be carried out con- 
currently with internal computing operations 
and these transfers can refer directly to any area 
of the internal memory, without restriction as to 
location or size. 

The second property provides for “ self- 
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Fig. 2—Block diagram showing basic components of the ‘‘ DYSEAC ”’ computer 


sible conflict with concurrent input-output 
operations. 

The last major unit in the functional organisa- 
tion of “‘DYSEAC” is the manual monitor 
control unit, which is responsible for regulating 
and synchronising the carrying out of joint 
internal-external operations. It interprets the 
conditions specified by the external switches on 
the switch panel, under which monitor operations 
are to be performed ;_ it observes the progress 
of the internal programme and recognises when 
these specified conditions arise ; and it delivers 
signals temporarily halting the internal pro- 
gramme, if necessary by setting up the required 
special word-transfer routes and by initiating 
the specified interpolated internal or external 
operation. 


LoGICAL DESIGN PROPERTIES 


There are three general properties which 
provide ** DYSEAC ”’ with its control versatility. 





Fig. 3—Control console of ** DYSEAC ” computer with electro- 


mechanical typewriter 


regulation.”” The pace at which the work pro- 
gramme is carried out within the machine can 
be automatically adjusted by the computer to 
the possibly irregular pace at which the external 
transfer operations are taking place. Whenever 
it is necessary for the internal and external 
programmes to proceed precisely in step with 
each other, the computer can keep the slower- 
moving external programme abreast of the high- 
speed internal programme by forcing the latter 
either to halt or to change its course temporarily. 
This self-regulation property enables optimum 
use to be made of the concurrent input-output 
ability of “‘ DYSEAC” on tasks which require 
a considerable transfer of information into and 
out of the machine, or which involve searching 
through voluminous magnetic files. 

The third general property provides for 
*‘ interruptability."” The work programme can 
be interrupted whenever necessary and a wide 
variety of special orders can be interpolated into 
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the programme either by the machine operator 
or by the external devices. This interruption 
property enables the computer to cope with 
unscheduled assignments which originate with 
little or no advance notice in events occurring 
outside the machine, such as air traffic control 
applications. These three properties, by their 
combined presence, create a fourth property of 
considerable power. Acting in concert, they 
enable the computer to be employed effectively 
as a control element in a generalised feed-back 
loop. These overall properties are derived 
principally from three special operating facilities 
of “DYSEAC”: manual-monitor facilities, 
a programme-control feature and an input- 
output control feature. 

The term ‘* manual-monitor ’’ has been coined 
to describe certain operations which can either 
be initiated manually by the machine operator, 
who, for example, presses a push button on the 
control console, or can be initiated by the com- 
puter itself under conditions which are specified 
by means of external switch settings on the 
control console. The former is referred to as a 
manual operation, and the latter is called a 
monitor operation because the computer must 
monitor its internal programme to determine 
precisely when the operation should be per- 
formed. Manual-monitor operations can 
readily be specified and initiated by external 
devices as well as by human operators. Further- 
more, since all of the external switch settings 
control only d.c. voltages, the external devices 
can even be remote from the computer itself, 
and they can exercise supervisory control over 
the internal programme of the machine from a 
distant point. 

Five kinds of manual-monitor operations can 
be performed by the computer: loading-the- 
memory operations, print-out operations, insert- 
new-instruction-into-the-programme operations, 
change - sequence - of - instructions - in-the - pro- 
gramme operations, and _halt-the-programme 
orders. By pairing a particular manual-monitor 
operation with a chosen set of conditions a wide 
variety of special operations can easily be per- 
formed as the work progresses. For every 
manual-monitor operation, the external switches 
on the control console are set to specify not only 
the operation to be performed and the conditions 
under which it is to be performed, but also the 
storage places which are to be involved. These 
storage places can be chosen from certain avail- 
able locations in the internal high-speed memory 
and from five different storage registers in the 
computer. Thus, by means of the external 
switches, certain storage areas within the com- 
puter itself may be utilised by devices remote 
from it. These remotely situated devices can 
direct that information in certain areas of the 
memory in the computer should be transmitted 
to them. Similarly, they can insert new informa- 
tion into various portions of the memory. In 
this way, at the option of either the external 


Fig. 4—Acoustic delay-line unit being removed from high speed 


memory of computer 
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devices or the machine programme, or of both 
‘acting jointly, ““DYSEAC” can share with 
these remote devices its high-speed memory and 
consequently every other part of its internal com- 
puting and external storage facilities. 

It is this ability that makes it possible to con- 
nect other full-scale computers to “* DYSEAC ”’ 
and to make them all collaborate on a 
common task. Each member of such a 
group of computers is free at any time to 
initiate and dispatch special control orders to 
any of its partners in the system. As a conse- 
quence the supervisory control over the common 
task may initially bé loosely distributed through- 
out the system and then temporarily concen- 
trated in one computer, or even passed rapidly 
from one machine to the other as the need arises. 

The other two special facilities in “* DYSEAC ” 
also serve to couple the machine to its external 
environment in varied ways. Each of these 
special facilities provide for a different distri- 
bution of authority in controlling the course of 
the work programme. Programme control, for 
example, provides for the initiation of an opera- 
tion by an external device, but assigns authority 
for the execution of the operation to the com- 
puter. Conversely input-output control provides 
for the initiation of an operation within the 
computer, but assigns the authority for the 
execution of the operation to an external device. 
In the case of the manual-monitor operations 
just described, both kinds of control relationships 
are provided. For simple manual operations the 
external device or the operator exercises full 
control over both the initiation and the execution 
of the operation. For monitor operations, how- 
ever, the request is initiated externally but the 
actual execution of the operation does not occur 
until the chosen conditions arise in the course of 
the internal programme. 


COMPUTER DESIGN 

During the planning of “DYSEAC” it 
became evident that there would be considerable 
advantage in having a transportable machine 
which could be moved to any operating site. It 
was therefore decided to install the machine in 
the two 40ft trailer vans, which are of standard 
drop-frame construction and have useful inside 
dimensions of 31ft length, 7ft 6in width and 9ft 
height behind the drop. The front section, 
ahead of the drop, is 8ft long and 7ft high. The 
computer itself requires only 160 cubic feet of 
the nearly 2500 cubic feet available in the trailer. 
The cabinets housing the computer and the 
memory are accessible from all four sides to 
facilitate repair and maintenance. The entire 
installation is designed to be energised from a 
standard three-phase, 208V distribution system. 
A minimum of 55kVA is necessary for the com- 
puter and its associated equipment. 

Both the transportability requirement and the 
packaged circuit design of the ““DYSEAC” 
computer influenced the choice of the air con- 
ditioning equipment and the blower system. 
Each of the circuit packages in the computer may 
require about 3 cubic feet of cooling air per 
minute to limit the temperature rise of this air to 
25 deg. Fah. Sufficient refrigeration capacity is 
available to cool both the electronic equipment 
and the trailer interior with an outside ambient 
temperature of 105 deg. Fah. The main air 
distribution blower is capable of supplying about 
4000 cubic feet of air per minute at a pressure drop 
of over 4in of water. Air from this blower is 
carried through ducts in the false floor of the 
structure. The computer racks and memory 
cabinets have ducts which carry this air to the 
individual package (Fig. 4) through small holes. 
Because of the high-pressure drop across these 
small holes it is possible to pull packages from 
a chassis without appreciably affecting the 
flow of cooling air to the remaining packages. 

Modular assembly and construction tech- 
niques have been used throughout the computer. 
The individual units are assembled into stand- 
ard removable chassis holding up to eighty 
packages, which in turn are readily removed 
from the three racks, each of which contains four 
chassis. Only two designs of package need be 
used because of the general similarity of the 
circuits of most stages. Although many hundreds 
of stages are required, a single basic valve circuit 
was found to be adaptable, with minor modifica- 
tions, to the majority of requirements. This 
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circuit serves as a low-impedance pulse driver, a 
flip-flop, and for a number of gating functions. 
This circuit uniformity greatly facilitates the use 
of mass-produced circuit packages. 

The valve “* package ’’ consists of an amplifier 
valve, a pulse transformer, and a number of 
diodes. Another ‘* package ’’ houses delay lines 
(Fig. 5) used for the interconnection between the 
stages. The 524 valve packages and 251 delay- 
line packages, containing altogether 21,000 
diodes and 3800 quarter-microsecond delay-line 
segments, provide for about 90 per cent of the 
total circuit requirements of the computer 


Fig. 5—Standard etched-circuit delay-line package 
being inserted into computer 


exclusive of the 400 stages in the acoustic memory 
and the input-output equipment. The memory 
comprises mercury acoustic delay lines contain- 
ing eight words each, with a maximum access 
time of 384 microseconds. It has a minimum 
capacity of 512 words, stored in a 64-line cabinet 
and a maximum capacity of 4096 words, stored 
in eight such cabinets. 


POTENTIAL APPLICATIONS 


Because of its varied control capabilities, 
“DYSEAC” can be utilised for investigating 
many diverse areas of potential application, 
ranging from the simulation and control of links 
in a data-communication network to the high- 
speed processing of business data. In the latter 
application the main task of the computer might 
be the automatic routine processing of monthly 
accounts. The data to be processed would have 
to be withdrawn automatically by the computer 
from external magnetically-recorded files, would 
then have to be properly combined with newer 
data, and finally the up-to-date information 
would have to be returned to the files. Even 
while these operations are progressing auto- 
matically, however, the contents of the files would 
need to be available to the clerical staff of the 
office for inserting occasional corrections or 
revisions of data, or for answering scattered 
immediate requests for information. In some 
cases the computing services of the computer 
might be needed for carrying out special minor 
processing tasks on the data being withdrawn 
from the files. At the same time, batteries of 
printers might be systematically going through 
the files and printing out those portions for which 
the monthly processing was already complete. 

Obviously it would be highly desirable to be 
able to carry out any of these several operations 
at will, with as little disruption as possible either 
to the separate operations or to the main task. 
Because of the impossibility of foreseeing some 
operations or the variable operating rates of some 
of the external devices, it is not possible to 
schedule in advance the exact time for the actual 
initiation of these operations or the sequence of 
their execution. Therefore, in order to operate 
efficiently, the computer must be able, on a com- 
pletely unscheduled and intermittent basis, to 
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share both its programme control and its 
internal storage facilities with its externa! devices 
and its human operators. “ DYSEAC” j, 
capable of doing this. 

Another potential application which ‘equires 
such capabilities is the control of air traf'ic at ap 
airport. For this application the human c perator 
can be coupled to the computer (1) through the 
medium of a visual display device which -:xhibits 
graphically the numerical data stored in. ide the 
internal memory, and (2) by means of a battery 
of manual control switches capable of i:\serting 
new numerical data or certain new contr! com. 
mands into the computer. The numeric‘! data 
displayed by the machine represent in rea! time a 
map of the predicted traffic patterns in the 
neighbourhood of an airport, e.g. the pre. 
dicted locations, based on latest scheduling 
information, of all aircraft inside a certaii area, 
The human operator can, by means of the »ianual 
input controls, enter newer data into the com. 
puter as the information becomes available, 
interrogate the computer for more detailed 
information concerning certain individual flights 
as the need arises, and instruct the computer to 
exhibit the effect to be expected from issuing 
revised flight control orders. In the latter case 
parts of the internal information in the machine 
must be presented to the operator in a rather 
complex pictorial form in order to be meaningful 
to him. Applications of this sort, like the 
previous one, require a constant interchange of 
intelligence between the computer and _ its 
operator, and between the computer and other 
devices. 

A third potential application involves the 
utilisation of automatic computers for the control 
of automatic machinery : a first step towards the 
so-called automatic factory. Here the main 
tasks of the computer involve : (1) storing the 
prearranged procedure or series of steps that are 
to be taken by the automatic factory machinery 
which is carrying out the manufacturing pro- 
cess ; (2) sensing the progress of the machines 
or the results of their activity on the product 
being produced ; (3) after a complex analysis 
or comparison of the desired end result with the 
observed result, determining the appropriate 
next step to be taken ; and (4) issuing appro- 
priate signals which will tend to guide the external 
tools or regulators in a preferred direction. In 
the latter case the computer not only is perform- 
ing many of the functions already described, but 
also is acting as an element in a feed-back 
control loop. Since “* DYSEAC”’ has all of 
these control capabilities, it can be a highly 
effective tool for exploring these diverse areas 
of potential application. 





Rapid-Response Thermocouple 
Tue development of a thermocouple having a 
very quick response and of unusually robust 
construction is announced by the engineering 
division of the Midwest Research Institute, 4049, 


Pennsylvania, Kansas City, Mo. It is specially 
designed for measuring rapid temperature 
changes on metal wall surfaces, such as gun bores, 
cylinder and piston walls, brake drums, auto- 
clave walls and air ducts. Its suitability for this 
class of measurement depends on the fact that a 
plating of 1 micron (0-00004in) at the junction 
reduces the response time of the instrument to 
temperature changes. 

It is stated that the time required for the thermo- 
couple junction temperature to reach 63:2 per 
cent of the amplitude of sudden temperature 
change of the exposed surface is 0-25 micro- 
second. The thermocouple has been tested at 
pressures up to 60,000 lb per square inch under 
conditions of severe mechanical vibration. Two 
forms are available : a small one for use on thin 
walls and a large one for use on thick walls. 
The development of this instrument formed part 
of a research programme sponsored by the Chief 
of Ordnance, Department of the U.S. Army. 





PLaToRO Dam, CoLoraDo.—We have received from 
the Bureau of Reclamation, Denver, Colorado, a book- 
let entitled Platoro Dam: Technical Record of Design 
and Construction. A comprehensive account of the 
Platoro dam is given in this booklet ; the dam consists 
of two rolled earth and rockfill embankments separated 
by a rock knoll, and it has a maximum height of 165ft. 
It was built in the years 1949-51. 
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Eastern Germany’s Steel Industry 


In the latest number of its Monthly Statistical 
pulletin, the British Iron and Steel Federation 
has included a survey of steel developments in 
Fastern Germany. It says that the iron and steel 
industry in that territory suffered little damage 
during the war. The Soviet policy of dismantling 
and reparations, however, reduced its crude 
steel production to little more than 100,000 
metric tons in 1947, which was about 6 per cent 
of the 1938 figure. There were only three steel 
plants which completely escaped the 1945-47 
dismantling phase, but since 1948 the re-equip- 
ment of the industry, following the reversal of 
Russian policy, has been surprisingly rapid. 
By 1952, according to the survey, steel production 
in Eastern Germany exceeded 2,000,000 metric 
tons, which was nearly 20 per cent above the 
1938 production level. 

The survey makes reference to new and 
extended iron and steel plants projected in a 
five-year plan for Eastern Germany, and points 
out that the present economy of the industry is 
vastly different from that of pre-war days. It 
shows, for example, that by reason of the 
changed frontiers the hard coal reserves available 
to Eastern Germany are small and that the 
ore deposits are very poor indeed. At present, 
hard coal is produced only in the districts of 
Freital-Déhlen and Plét-Wettin-Lobejiin, and 
also in the mountainous district of Saxony 
which possesses by far the largest deposits in 
the country. Eastern Germany’s supplies of 
raw materials are, therefore, insufficient for 
even the present needs of the steel industry and, 
the survey says, when the current expansion 
plans have been fully realised the zone will 
continue to be dependent on imports. 


Imports and Exports 

The Board of Trade says that the volume of 
United Kingdom exports in the third quarter 
of this year was not significantly different from 
that in each of the two preceding quarters. For 
the first nine months of the year the volume was 
8 per cent greater than in the corresponding 
period of 1953. Although comparisons over a 
long period can only be very rough, the volume 
of exports this year has been running at a level 
about two-thirds higher than in 1938. 

According to the Board of Trade statistics, 

the volume of exports of manufactured goods 
as a whole was the same in the third quarter 
of this year as in the two preceding quarters, but 
those classified as ‘‘ other manufactures ’’ showed 
a sharp rise in volume mainly owing to the 
continued upward trend in exports of chemicals. 
The volume of exports of metals also increased 
in the third quarter, but exports of engineering 
products declined somewhat from the high levels 
of the two preceding quarters, the decrease being 
partly seasonal. Taking engineering products 
alone, the volume index number (1950= 100) 
in the third quarter was 99, compared with 104 
in the second quarter and 97 for the whole of last 
year. 
The figures show that the volume of imports 
is probably still less than nine-tenths of its 1938 
level, though it was almost as great in the first 
nine months of this year as it was in the last 
nine months of 1951 when the highest post-war 
figures were recorded. The imports of petroleum 
and petroleum products continue to increase 
and the volume of arrivals in the third quarter 
was more than in any preceding period. Imports 
of basic materials in the third quarter were 
larger in volume than in the corresponding period 
of last year, mainly on account of heavier 
arrivals of timber and pulp and waste paper. 


Coal Stocks and Imports 


The Minister of Fuel and Power stated in 
the House of Commons last Monday that dis- 
tributed coal stocks on October 30th amounted to 
17,400,000 tons, which was 800,000 tons less than 
on the corresponding date last year. He said, 
however, that there would be a much higher rate 
of import during the coming winter. 

In reply to a question about coal imports, 
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the Minister said that up to the end of October 
about 2,000,000 tons had arrived. That included 
1,250,000 tons of large coal which directly or 
indirectly assisted the house coal market, and 
about 250,000 tons of coal costing dollars. 
About 1,000,000 tons of coal were expected to 
arrive before the end of the calendar year, of 
which about half would be large coal and 250,000 
tons would cost dollars. 


Overseas Commercial Information 


In the House of Commons last week, the 
Minister of State, Board of Trade, Mr. A. R. W. 
Low, announced the setting-up of an advisory 
committee on commercial information overseas. 
Its terms of reference are: “to keep under 
review the range and character of the information 
about United Kingdom commercial and indus- 
trial activities and achievement which is made 
available through official and non-official chan- 
nels to and in the various overseas markets.” 
In the interests of the export trade in particular, 
the committee will suggest ways in which the 
information supplied through the existing official 
channels can be improved, including that sup- 
plied by industry, and will also explore the pos- 
sibilities of increasing the information supplied 
through non-official channels. The committee’s 
recommendations are to be reported “ from 
time to time” to the President of the Board 
of Trade. Mr. Laurence Heyworth is the chair- 
man of the committee, the other members being 
Sir Richard Costain, Sir Patrick Hamilton, 
Mr. J. Douglas Hood, Mr. Hubert Oughton, 
and Mr. Claude Wallis. 


State of the Ironfounding Industry 


The tenth annual report of the executive 
committee of the Joint Iron Council has just 
been issued. It says that the year ended June 
30, 1954, was the first complete year since the 
war in which buyers’ market conditions have 
applied to most sections of the ironfounding 
industry, and also affected the demand for 
some grades of pig iron. This transformation 
of the balance between supply and demand, 
the report records, has been brought about with 
only a relatively minor fall from the peak out- 
puts achieved during 1951 and 1952. As well 
as the fall in demand which this drop represents, 
the effective productive capacity of the iron- 
foundries was greatly expanded at about the 
same time by the larger tonnages of pig iron and 
scrap which became available. As a result, the 
report adds, the level of ironfounding output is 
now almost solely determined by the state of 
demand, and a much greater output is attainable 
if required. 

The report goes on to say that in the present 
outlook there is little sign of any rapid expansion 
of ironfoundry output. During the last few 
months of 1953 there was a halfway recovery in 
the overall rate of production from the lowest 
recession levels, but during the first half of this 
year the position was no more than maintained. 
The industry’s total output for the year ended 
June 30th last, however, was 3,670,223 tons, 
which was slightly in advance of the preceding 
year. On that basis, the report comments, 
output for the calendar year 1954 will probably 
reach about 3,700,000 tons, or 1-7 per cent 
more than the 1953 output. It is stated that 
certain sections of the ironfounding industry’s 
output, notably in the engineering field, have not 
kept pace with the expansion achieved by their 
user industries. This may be due, it is sug- 
gested, to temporary causes quite apart from 
any permanent loss of markets, such as the 
tendency of many users to hold smaller stocks 
of castings as supplies became easier. Steel, of 
course, has become more freely available, a 
factor which has intensified the competition 
iron castings are having to face in some fields. 
It is also observed in the report that, during the 
year 1953-54, there was some tendency for 
scrap to be substituted for pig iron. 

The report says that during the year the iron- 
founding industry’s labour force fell by a further 
2118 to a total of 139,002 workers. This, it is 
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remarked, is the first time that the labour force 


has been below 140,000 since 1947. Over the 
last two years or so, the labour force in the iron- 
founding industry has fallen by considerably 
more than output. Although, of course, this 
reflects a higher tonnage output per man-year, 
it is a situation, the report observes, which 
** must give cause for anxiety for the future 
should a re-expansion in the labour force be 
required.” 


Locomotive Men’s Wages 

On Thursday of last week, the Railway Staff 
National Tribunal began its inquiry into the 
claim for increased wages put forward by the 
Associated Society of Locomotive Engineers 
and Firemen. In the settlement on railway 
wages generally, which was reached recently 
by the British Transport Commission and the 
three railway unions, the A.S.L.E.F. signified 
formal agreement, but held to its decision that 
the tribunal should consider its outstanding 
claim. 

The majority of locomotive drivers and firemen 
on British Railways are members of the 
A.S.L.E.F., though a small proportion belong 
to the National Union of.Railwaymen. It is 
stated that the A.S.L.E.F. is asking for £10 5s. 
a week for the highest paid drivers, an increase 
of £1 6s. 6d. on the existing rate. The British 
Transport Commission has offered a basic rate 
of £9 5s. a week. Mr. Baty, secretary of the 
A.S.L.E.F., in making his statement to the 
tribunal, claimed that the level of wage rates of 
locomotive crews constituted the most grievous 
anomaly in the whole of the railway wages 
structure. Young men, he continued, were 
refusing to enter railway service, and many 
of those who did enter did not stay long because 
of the meagre prospects in terms of rates of pay 
for the job. 

Mr. W. P. Allen put the British Transport 
Commission’s case to the tribunal. He said 
that both the unions which were putting forward 
claims on behalf of the locomotive men were 
now seeking increases in excess of the 15 per 
cent asked for last December. The railway 
wage increases which had been awarded since 
1947 compared favourably with the Ministry of 
Labour’s wages index figures for all workers. 
Mr. Allen agreed that there was a shortage of 
footplate men in certain areas, but, he said, the 
railways were not alone in suffering staff 
shortages. 


Employment and Unemployment 

The Ministry of Labour says that the working 
population of Great Britain increased by 18,000 
during September and at the end of the month 
totalled 23,707,000 (15,990,000 men and 7,717,000 
women). There were 836,000 in H.M. Forces 
and 22,624,000 (15,017,000 men and 7,607,000 
women) in civil employment. 

The Ministry’s analysis of civil employment 
shows that in September 4,027,000 people were 
at work in the basic industries, which was 
16,000 less than in the preceding month. That 
reduction was a seasonal one occurring in 
agriculture and transport. There was, however, 
a further reduction of 1000 in colliery manpower, 
the total number on colliery books at the end 
of September being 705,000, compared with 
709,000 a year earlier. In the manufacturing 
industries, there was an addition of 46,000 to 
the number employed, the total at the end of 
September being 9,138,000. The biggest addition, 
amounting to 21,000, was in.the “ engineering, 
metal goods and precision instruments ” group, 
bringing the labour force there to 2,680,000, 
compared with 2,578,000 a year earlier. 

The Ministry’s report on unemployment 
states that on October 11th there were 253,914 
people registered as out of work, compared 
with 236,027 on September 13th. It is estimated 
that the number of unemployed registered in 
October represented 1-2 per cent of the total 
number of employees. The figure included 
10,436 who were described as being temporarily 
stopped. 
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WINTER PROSPECTS FOR FREIGHT TRANSPORT.—The 
prospective position in inland transport during the 
coming winter was recently reviewed at a meeting of 
the Winter Transport Central Joint Conference. This 
is the body set up three years ago to enable representa- 
tives of industry and commerce in consultation with the 
British Transport Commission to review on a national 
level the prospects for inland transport during the 
winter period when freight traffic peaks are apt to 
coincide with unfavourable weather. The conference 
works through a central committee on which British 
Railway Regions as well as British Road Services and 
Inland Waterways are represented, and has established 
a national network of district committees where local 
representatives of trade and industry can meet B.T.C. 
district officers and take joint action to cope with local 
difficulties as and when these emerge. The conference 
noted that some increase was expected in coal and mineral 
traffic but that railway wagon supply and motive power 
were likely to be adequate, although the staff position in 
key operating and motive power grades was still some- 
what stringent in industrial areas where the demands 
of other industries for labour were high. British Road 
Services had sold some 8000 vehicles and sales were 
continuing, but the basic organisation would remain in 
being and would be ready to assist the railways in every 
possible way if difficulties arose. The vehicles sold were 
normally ‘taken over by private haulage undertakings, 
and the capacity they represented was therefore likely 
to be still available. Inland waterways expected to 
have some spare capacity and would also be ready to 
give assistance. On the facts produced, the conference 
agreed that given reasonable weather conditions, the 
freight transport available this winter should be adequate, 
but it was decided to keep the situation under review 
and arrange for the district committees to meet whenever 
required. 


Air and Water 


CoRRECTION.—In the description of the “ Saxonia ”’ 
which appeared in our issue of September 24th we 
inadvertently stated that the oil fuel pumping and heating 
units were supplied by John I. Thornycroft and Co., Ltd., 
instead of by British Combustion Equipment, Ltd. 


Miscellanea 

CONTINUOUS ELECTRODE FOR AUTOMATIC ARC WELD- 
ING.—A continuous electrode for mild and medium 
tensile steels is being marketed by Murex Welding Pro- 
cesses, Ltd., Waltham Cross, Herts, under the name of 
“* Coitex.”” This electrode has an outer wire winding, 
which forms a number of small projections above the 
surface of the extruded flux. These ensure good electrical 
contact and make it possible to use a greater quantity 
of flux. The electrode has already been approved by a 
number of classification societies. 

““NImonic 90” FOR SPRINGS.—The use of the ““Nimonic”’ 
series of high-temperature alloys is rapidly extending 
where high strength at high temperatures is required, 
and typical of such applications is the use of “‘ Nimonic 
90°’ for springs operating at extreme temperatures. 
A recent data sheet published by Henry Wiggin 
and Co., Ltd., presents, in convenient form, tabular 
data for designers. Copies of the publication can be 
obtained from the Publications Department of the firm 
at Thames House, Millbank, London, S.W.1. 


LUBRICATION OF EARTH-MOVING MACHINERY.—A 
new publication issued by C. C. Wakefield and Co., 
Ltd., 46, Grosvenor Street, London, W.1, is entitled 
“Earth Moving Machinery Lubrication.”’ It deals in 
detail with the various parts of a wide range of earth- 
moving machinery, its operation, care and lubrication, 
with particular reference to the firm’s products. Many 
useful diagrams and drawings supplement the text matter. 
All engineers concerned with this class of heavy equip- 
— will find the book of interest and value in their 
work. 


Heat Pump AND District HEATING. — A _ short 
account of the use of the heat pumps for heating buildings, 
and of the possibilities of the various systems of district 
heating, is given in a booklet with the above title, published 
for the Science Masters’ Association by John Murray, 
Albemarle Street, London, W.1. The booklet points out 
the national significance of these methods of heating in 
relation to coal consumption, and the need for economy 
in the use of coal, and it gives details of existing installa- 
tions in various countries. It is written by V. A. 
Carpenter and costs 2s. 


F.B.I. SCHOLARSHIPS FOR I[RAQ.—During the recent 
British Trade Fair at Baghdad, Sir Norman Kipping, 
director-general of the Federation of British Industries, 
announced the first awards to Iraq of engineering scholar- 
ships under the F.B.I. scheme. Four scholarships have 
been awarded to young engineers in that country. The 
F.B.I. scholarship scheme, it will be recalled, provides 
for the training in British works of young graduate 
engineers from the less developed countries. So far, 
just over fifty scholarships have been awarded, mainly 
to young men from the major Commonwealth countries 
and from Latin America. 


MANUFACTURE OF AMINE DeRIVATIVES.—A plant 
for the production of a range of cationic and nonionic 
chemicals is being built at Littleborough, near Rochdale, 
Lancashire, by Hess Products, Ltd., who operate as 
licensees of Armour and Co., Chicago. The output of 
the factory which will go into production next year 
will be handled by Armour and Co., Ltd., Chemical 
Division, Lindsey Street, London, E.C.1. In the adjacent 
fractional distillation plant, Hess Products has made 
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since 1950 the “ Distec’’ range of fatty acids. These 
will now be catalysed with ammonia to form aliphatic 
nitrites which by hydrogenation are turned into amines. 
By reacting the amines with organic acids, water-soluble 
salts of high surface activity are produced which form 
the starting point for a wide variety of products, such 
as bactericidal agents, collectors for ore dressing, asphalt 
anti-strippers, rust preventatives, and substances used 
in the rubber, petroleum and plastics industries. 


BUILDING LICENSING.—The Minister of Works, Mr. 
Nigel Birch, made a statement about the future of 
building licensing in Parliament last week. He said that 
supplies of building materials had steadily improved 
during the last three years and productivity in the 
building and civil engineering industries had risen. 
Licences had been issued freely in nearly all areas and 
neither the cost of administering this control nor the 
inconvenience caused to architects and contractors 
could any longer be justified. The Government had 
— decided to end building licensing on November 

th. 


THe 1954 Viscount NuFFIELD Paper.—The 1954 
Viscount Nuffield Paper of the Institution of Production 
Engineers will be presented at the Royal Institution, 
London, on December 9th next, at 6.30 p.m. The 
speaker will be Major-General W. A. Lord, Director of 
Mechanical Engineering at the War Office, who will 
take as his subject the importance of the application 
of modern production technology and management to 
the work of the Corps of the Royal Electrical and 
Mechanical Engineers. Admission to the meeting will 
be by ticket only, which may be obtained, together with 
a preprint of the paper, on application to the Secretary, 
Institution of Production Engineers, 10, Chesterfield 
Street, London, W.1. 


R.A.S.E. RESEARCH MeDAL.—The Royal Agricultural 
Society of England has decided to offer annually a medal, 
together with an award of 100 guineas, for research work 
of outstanding merit carried out in the United Kingdom, 
which has proved, or is likely to prove, of benefit to 
agriculture. Recommendations for this award must be 
submitted to the Secretary, Royal Agricultural Society 
of England, 16, Bedford Square, London, W.C.1, in 
January of each year, by the heads of university depart- 
ments, research stations and institutes and other research 
establishments. No direct application by candidates 
will be considered. Recommendations must be accom- 
panied by a brief statement of the candidate’s attain- 
ments and a list of his publications. 


Mr. W. M. B. Furniss.—We regret to announce 
that Mr. William Marter Burne Furniss, managing 
director of the Electric Construction Company, Ltd., 
Wolverhampton, died at his home, The Croft, Sandy- 
fields, Sedgley, Worcs, on November 8th. He was the 
elder surviving son of Mr. William Marter Furniss, 
who was chairman and managing director of the com- 
pany until his retirement last year at the age of eighty- 
three. Mr. W. M. B. Furniss joined the company in 
May, 1925, and became sales engineer in 1929. He 
was appointed assistant manager in 1941 and subse- 
quently he heid the positions of general manager, director 
and manager, and assistant managing director before 
being appointed managing director in January last. 


Coa. Output.—The output of deep-mined coal in 
Great Britain increased last week to 4,430,600 tons, and 
with 182,100 tons from opencast sites the week’s saleable 
production amounted to 4,612,700 tons, which was 
17,000 tons greater than in the preceding week, but 
37,000 tons below the amount produced in the com- 
parable week of 1953. In the forty-four weeks of 
this year, ended last Saturday, coal output totalled 
189,376,500 tons, or about 1,200,000 tons more than 
in the corresponding period of last year. Coal con- 
sumption, including export and bunker requirements, 
in the first forty-three weeks of this year, totalled 
187,338,000 tons, which was nearly 5,000,000 tons more 
than consumption in the comparable period of 1953. 


ELECTRICAL INSTALLATION: MODEL FORMS OF 
GENERAL CONDITIONS OF CONTRACT.—A new model 
form of general conditions of contract, known as ‘“* Home 
Cable Contracts, with Installation (E),’’ has been pre- 
pared by the committee on Model Forms of General 
Conditions of Contract of the Institution of Electrical 
Engineers, and published by the Council of the Institu- 
tion. The new form has been designed specifically for 
use in cable contracts, which include installations, such 
contracts having hitherto been provided for by the 
recommended adaptation of model form “ A’’ (Home 
Contracts, with Erection). It is complementary to 
Model Form “‘D”’ (For the Sale of Cables, without 
Erection), which continues to be available. Copies 
of Model Form “ E”’ are obtainable from the Secretary 
vd the Institution, Savoy Place, W.C.2, price 5s., post 
ree. 


SOUND INSULATION IN VENTILATING PLANT.—A course 
of lectures on “‘ Sound Insulation in Ventilating Plant ”’ 
is to be given at the National College of Heating, Venti- 
lating, Refrigeration and Fan Engineering, Borough 
Road, London, S.E.1, from January 3 to 6, 1955. The 
lectures will be accompanied by laboratory demon- 
strations, and it is stated that, as far as — emphasis 
will be given to the application of the theoretical work to 
practical problems of sound insulation in ventilating 
plant. A visit to the acoustics division of the National 
Physical Laboratory at Teddington is being arranged as 
part of the course. Applications for admission to the 
course should be made before December 10th to the 
college, at the address given above. Residential accom- 
modation is available at the college hostel at 8, Dulwich 
Wood Park, Norwood, London, S.E.19. The fees are 
£4 4s. for the lecture course and £4 4s. for hostel accom- 
modation. 
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Personal and Business 
Mr. E. S. Mackay has been appointed n7 anager of 
Cal. 






the Leicester branch office of British Insulat 
lender’s Cables, Ltd. 


HEAD, WRIGHTSON AND Co., Ltd., Thornaby-on-Teg 
announces the appointment of Mr. R. T. Spooner as ; 
sales representative in the Midlands area. 

HAYWARD TYLER AND Co., Ltd., Luton, announcg 
the appointment of Mr. G. P. E. Howard 4s gener 
sales manager. He was formerly the company’s gener| 
works manager. 

Mr. ARCHIBALD S. BisHoPp_has been appointed 
managing director of Goodyear Tyre and Rubber Com. 
pany (Gt. Britain), Ltd., in succession to Mr. W, A. 

azlett, who is retiring. 

Harp MetTAL Too s, Ltd., and POWDERLOoOys, Ltd, 
(subsidiaries of Wickman, Ltd., Coventry), state tha 
Mr. A. Willott, general manager, has been elected , 
director of both companies. 

Bascock’ AND WiLcox, Ltd., announces the retire. 
ment of Mr. B. Samuels, M.I.Mech.E., after fifty-two 
years in the company’s service. Mr. Samuels has had 
charge of the testing and service department. 

THE NATIONAL COAL BOARD announces the appoint. 
ment of Mr. Noel Gee as director of public relations in 
succession to Sir Guy Nott-Bower, E., who has 
recently retired. Mr. Gee has hitherto been the Board's 
chief press officer. 

Mr. W. D. D. Fenton, M.I.E.E., will relinquish his 

sition as secretary and commercial engineer of the 

orth of Scotland Hydro-Electric Board at the end of 
the year to become deputy chief executive officer of the 
Uganda Electricity Board. 

BrusH ELECTRICAL ENGINEERING COMPANY, Ltd, 
announces that Mr. R. S. D. Bagnall has been released, 
at his own request, from his appointment as home sales 
director. Mr. L. C. W. Turner, salés director, has taken 
over the duties formerly carried out by Mr. Bagnall. 

ENFIELD CaBLes, Ltd., announces the following 
appointments :—Mr. J. G. Jackson, manager of the 
Glasgow branch ; Mr. F. R. Mackenzie, manager of 
the Newcastle upon Tyne branch ; Mr. W. F. Lawrence, 
manager of the Southampton branch, and Mr. H. Dennis, 
manager of the Manchester branch. 

Joy-SuULLIVAN, Ltd., states that Mr. John R. Bingham, 
who has been general manager at Greenock for the last 
two years, has been appointed managing director of the 
ay omy Mr. G. H. Burr, European sales manager of 
the Joy Manufacturing Company of America, has been 
appointed a director of Joy-Sullivan, Ltd. 


MARCONI’S WIRELESS TELEGRAPH COMPANY, LIid., 
Chelmsford, states that Mr. E. Green has retired from 
his position as head of the transmitter advanced develop- 
ment group. He will continue his work for the company 
as a full-time consulting engineer. Mr. V. J. Cooper has 
been appointed chief engineer, advanced development. 

Hitts (West Bromwicn), Ltd., states that it has 
acquired office and factory premises at Back Heaton 
Park Road, Newcastle upon Tyne, 6 (telephone, New- 
castle 59081). Sales inquiries will continue to be dealt 
with by the firm’s area agent, William Mathwin and 
Son (Newcastle), Ltd., Exchange Buildings, Newcastle 
upon Tyne, 1. 

British INSULATED CALLENDER’S CONSTRUCTION COM- 
PANY, Ltd., states that Mr. C. Kibblewhite, M.I.E.E., 
has been appointed an executive director. Mr. G. A. 
Rendle, M.I.E.E., who has been appointed a director, 
has become manager (cable contracts) in succession to 
Mr. C. H. Frankland, M.I.E.E. Mr. Frankland, whilst 
remaining a director of the company, is undertaking 
special duties at the Trafford Park Works of British 
Insulated Callender’s (Submarine Cables), Ltd. 


Contracts 


THe British TRANSPORT COMMISSION has placed a 
contract with the Pressed Steel Company, Ltd., Cowley, 
Oxford, for 195 20-ton bulk grain vans. The vans are 
to be constructed at the firm’s Linwood Works, Paisley, 
Scotland. 

THE MINISTRY OF SUPPLY has recently placed orders, 
valued at approximately £105,000, with David Brown 
Tractors (Engineering), Ltd., for industrial wheeled 
tractors. These machines have been ordered on behalf 
of the Ministry of Civil Aviation, and will be used on 
United Kingdom airfields for general towing duties, 
including sal vage operations. 

THe ENGLisH Exvectric ExpoRT AND TRADING CoM- 
PANY, Ltd., has received an order from the U.S. Army 
Corps of Engineers for two 68,000 nominal h.p., 128-6 
r.p.m., vertical-shaft, single-runner, Francis water turbines 
for the Table Rock dam power station. The turbines 
will be suitable for operating at heads of 134ft to 228ft, 
the nominal head being 190ft. At 134ft head the output 
of each turbine is 44,000 h.p., and at 228ft it is 83,200 h.p. 
Delivery will start in August, 1956, and completion !s 
due by September, 1957. The turbines will be made in 
England by the English Electric Company, Ltd. 

Simon-Carves, Ltd., Stockport, has received from the 
Indian Iron and Steel Company, Ltd., through the 
International Construction Company, Ltd., of London, 
a contract for the building of two batteries of seventy- 
eight coke ovens each, a with by-product plants 
and coal and coke handling plants, at the Burnpur 
steel works in West Bengal. The total cost of the work 
will exceed £3,000,000. The new batteries will form an 
extension to an existing battery compicted by Simon- 
Carves, Ltd., in 1950, and will add 3500 tons of dry 
ae day to the carbonising capacity at the Burnpur 
works. 
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British Patent Specifications 
When an invention is communicated from abroad the name and 

ss of the communicator are printed in italics. When an 
addré. nt is not illustrated the specification is without drawings. 
< = first given is the ‘¢ of application ; the second date, 
at the end of the abridgment, is the date of publication of the 


ification. 
complete soe cclications may be obtained at the Patent Offiee 
Sales Branch, 15, Southampton Buildings, Chancery Lane, W.C.2, 
2s, 8d, each. 


PUMPS 


716,382. September 5, 1951.—CENTRIFUGAL PUMPS, 
The Pulsometer Engineering Company, Ltd., 
and John Stanley Woodrow, both of Nine Elms 
Iron Works, Oxford Road, Reading, Berkshire. 

The invention relates to centrifugal pumps suitable 
for pumping volatile or gas-containing liquids. 

The pump shown in the drawing is intended for 

mounting in the bottom of an aircraft fuel tank for 

pumping fuel. The pump casing consists of three 
main parts. An upper part comprises a flange A for 
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attachment to the base of the tank and is formed 
on its underside with an annular channel B surround- 
ing a circular aperture which constitutes the inlet 
to the impeller eye C. Projecting up from the flange, 
above the annular channel, are two or three uniformly 
spaced escape conduits D which are inclined out by 
about 15 deg. Uniting these escape conduits near 
to their upper ends is a wall member E which supports 
the pump motor and a bearing for the impeller 
shaft F. The lower ends G of the escape conduits 
communicate with the annular channel B and their 
upper ends H are open. Secured to the underside 
of the upper member is a centre casing J which houses 
the impeller K and is provided around its periphery 
with diffuser passages L and an annular delivery 
passage or volute M into which the diffusers discharge. 
Fastened to the underside of the centre casing is a 
lower member N which is formed with a delivery 
chamber O communicating with the delivery passage 
M of the centre casing. The delivery chamber O 
is arranged to direct the flow of liquid radially 
inwards. An outlet passage P leads vertically down 
from the centre of this delivery chamber. The 
impeller is for the most part of orthodox construction 
and is arranged to rotate in the centre casing. How- 
ever, in the upper wall of the centre casing bounding 
the impeller channels there is an annular escape 
aperture R which opens into the annulat, channel B 
and which is provided with radial vanes S for checking 
the rotation of the escaping fluids. In operation the 
pump will pump fuel from the fuel tank, the fuel 
entering the impeller through the spaces between 
the escape conduits D. The centrifugal and other 
hydrodynamic forces acting in the impeller channels 
will promote a separation of gas or vapour from the 
fuel, with the result that the fuel will lose its homo- 
geneous character and will separate into a liquid 
phase and a gas or vapour phase. The bulk of the 
gas or vapour, and some of the liquid fuel, will escape 
from the impeller channels through the escape 
aperture R into the annular channel B and will then 
rise through the escape conduits D in the manner of a 
gas lift. The gas or vapour will discharge into the 
fuel tank well clear of the inflowing liquid fuel. A 
similar pump for delivering fuel from an aircraft 
fuel tank, mounted inside the fuel tank and suspended 
Pe In is also shown in the specification.—October 


STEAM TURBINES 


716,400. July 21, 1952.—CooLING THE STEAM- 
CONVEYING PARTS OF A HIGH-PRESSURE SUPER- 
HEATED STEAM TURBINE PLANT, Aktiengesell- 
—_ Brown, Boveri et Cie, Baden, Switzer- 
land. 

In the drawing A is the steam producer of a plant, 
B is an evaporator and C a superheater.. A live 
steam pipe D is double walled. E is a cooling space 
or channel for the nozzle chamber of the turbine, and 
F is a cooling space or channel for the impeller 
chamber. If the turbine casing adjoining the impeller 
chamber has also to be cooled, this can be achieved 
by means of half tubes which are welded helically 
or otherwise—for instance, side by side, connected 
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in parallel around the turbine casing—and thus form 
a double casing with cooling spaces or channels G. 
The cooling casings are provided with outlet openings 
at points H, J and K. The steam which emerges from 
opening J also serves to cool the rotor. The cooling 
steam is partially superheated. It is taken from a 
point, for instance L, which lies beyond the evaporator 
B and on the superheater C, where the steam has not 
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yet been superheated to the live steam temperature. 
The cooling steam is passed through pipes M to the 
cooling spaces of the parts to be cooled—that is to say, 
it passes to channels E and F and also to the channels 
G. From the inner channel G it goes into channel F, 
from where it goes (together with the cooling steam 
flowing directly through the channel) to the reaction 
blading of the turbine, passes through openings 
H, J, K and N in order to mix directly or indirectly 
again with the steam that flows through the turbine 
as stated. Connecting pipes M may be provided with 
valves such as indicated at P.—October 6, 1954. 


TURBINES AND BLOWERS 


716,389. January 17, 1952.—AxIAL-FLOW IMPELLERS 
AND ROTORS IN BLOWERS AND TURBINES, Demag 
Aktiengesellschaft, Werthauser Strasse 64 (22a), 
Duisburg, Germany. 

The invention relates to a method of securing the 
vanes or blades of the impellers or rotors of blowers 
and turbines, through 
which the medium flows 
in the axial direction. As 
the drawing shows the 
hub A of the impeller has 
the inner sleeve part B 
secured to the shaft. A 
pin C extends from the 
blade D through the outer 
rim E of the hub. Be- 
tween the outer rim and K+ 
the inner sleeve, and as 
closely as possible to the 4-1 
inner sleeve part B, there G- 
is also provided an inter- 
mediate rim F, through 
which the blade pins C 
extend. The pins are 
supported on the thrust 
bearings G in such man- 
ner that the intermediate 
rim F absorbs the cent- 
rifugal forces generated by 
the blades. On the inner 
part B of the hub there is 
provided an axially adjustable device H, which 
engages the pins C of the blades D through the disc 
J by means of levers K, thus determining the position 
of the blades. A modified construction is also shown 
and described in the specification.—October 6, 1954. 
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ELECTRICAL ENGINEERING 


716,302. August 7, 1952.—METAL-CLAD ELECTRIC 
Fuse Boarps, George H. Scholes and Co., Ltd., 
Wylex Works, Wythenshawe, Manchester, and 
Frederick James Pearce, of the company’s 
address. 

The invention relates to metal-clad electric fuse 
boards or boxes where rewirable fuses are used. Its 
object is to provide simple means which enable the 
distance between the metal case and the fuse 
assemblies to be considerably reduced whilst effec- 
tively preventing flash over from a fuse to the case in 
the event of a severe short circuit. As will be seen 
from the drawing the lid A of the fuse box B in which 
are the fuse assemblies shown diagrammatically 
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at C, has a cover D made of moulded plastic or other 
insulating material which sockets into the lid around 
the fuse elements, so that the part of the cover or its 
lip E which comes within and projects through the 
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lid, forms a barrier which effectively prevents flash- 
over from said assemblies to the lid. The lid is 
secured to the box by screws F and the cover D is 
secured by a screw G.—September 29, 1954. 


713,608. September 3, 1952.—INSPECTION OF BRUSH 
SPARKING IN DyYNAMO-ELECTRIC MACHINES, 
James Russell Kennedy, 20, Upper Park Road, 
London, N.W.3, and Henry Leslie King, 17, 
Cleves Walk, Barkingside, Ilford, Essex. 

The invention relates to improved means for the 
inspection of commutator and brushes of dynamo- 
electric machines. As shown in the drawing, A is 
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the casing of the machine, B is the commutator, C 
the cover of the commutator, D the brush holder, and 
E the tubular interconnections between the machine 
casing and the commutator cover. F are removable 
transparent plugs made of “ Perspex.” To avoid 
stressing of the machine, gaps G are left between the 
tubular members and the machine casing, and in 
order to ensure a fluid-tight connection a soft rubber 
gasket H is provided around the tubular members 
between the machine casing and a tube plate J. 
According to a modification, instead of using metal 
tubes screwed at one end into the commutator cover 
and provided at the other end with removable trans- 
parent plugs, solid cylindrical bars of “‘ Perspex ” 
or like material knurled at one end and threaded at 
the other end for screwing into the commutator 
cover may be employed. The rods may be arranged 
diametrically opposite each other, which has the 
advantage that the trailing edge of each brush can 
be sighted, or one single tube or transparent bar 
can be used in the centre.—August 11, 1954. 


POWER TRANSMISSION 


716,318. June 9, 1951.—WHEELS AND PULLEYS, 
Moore and Scholes (Engineers and Founders), 
Ltd., Gillibrand Street, Walton-le-Dale, Preston. 
(Inventor : Willie Moore.) 

The invention relates to wheels, pulleys, or the 
like and consists in casting the body portion of the 
pulley from aluminium or aluminium alloy on a 
cast iron, steel, gun metal, 
phosphor bronze, or 
other metal centre. By 
casting a pulley on a 
centre all machining is 
dispensed with, with the 
exception of the formation 
of the hole for the shaft 
and the formation of 
splines, keyways, or tapped 
holes for fixing purposes. A | 
The drawing shows in Hs HZ i 
section a pulley made Hig Ze. 
in a with this 
invention with a centre , 1 
B, and a body portion A esa 
cast upon it. In this example the centre is formed 
with an [enlarged portion C, which permanently 
reo the two parts of the pulley together.—October 
\ ‘ 
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Launches and Trial Trips 

ATHELMERE, oil tanker ; built by Hawthorn, Leslie 
(Shipbuilders), Ltd., for the Athel Line, Ltd.; p04 
overall 459ft, breadth moulded 61ft, depth moulded 31ft, 
ve 10,000 tons ; twenty main cargo oil tanks 
and twelve summer tanks, four main and four summer 
tanks fitted to take aqua ammonia, one main cargo oil 
pump room, two pumps, steam deck machinery, two 
100kW diesel-driven generators and one 50kW steam- 
driven generator ; Hawthorn-Doxford oil engine, four 
= 670mm diameter by 2320mm combined stroke, 

4450 b.h.p. at 112 r.p.m., two cylindrical boilers. Trial, 
October 12th and 13th. 


GRANBY QUEEN, trawler; built by John Lewis and 


Sons, Ltd., for Talisman Trawlers, Ltd.; length overall 
113ft 6in, length between perpendiculars 100ft, breadth 
moulded 20ft, depth moulded 10ft 9in; one 15kW 


diesel-driven generator, one 10kW belt-driven generator ; 
Crossley Mark H.R.N.6 diesel engine, 440 b.h.p. at 300 
r.p.m. Trial, October 14th. 


OwerrI, cargo ship; built by Harland and Wolff, 
Ltd., Belfast, for Elder Dempster Lines, Ltd.; length 
overall 450ft, length between perpendiculars 425ft, 
breadth moulded 62ft, depth moulded to shelter deck 
34ft, gross tonnage about 6200 ; twelve passengers ; 
two steel decks, eight watertight compartments, four 
main cargo holds ; seventeen derricks of 3 tons to 
12 tons lift, one 30-ton and one 50-ton derricks, electric 
deck machinery, four 125kW diesel-driven generators ; 
Harland and Wolff - B. and W. two-stroke, single-acting, 
opposed- tr diesel engine, five cylinders, 620mm 
—- 1870mm combined stroke. Launch, October 

th 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office not later than a fortnight before the 
meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. : 


BELFAST ASSOCIATION OF ENGINEERS 

Wed., Nov. 17th.—College of Technology, Belfast, “‘ Instruments 

and Automatic Control in the Boiler House,’’ S. R. Halsey and 
H. Whitaker, 7.30 p.m. 
BRITISH INSTITUTION OF RADIO ENGINEERS 

Wed., Nov. 17th.—S. Waves SEcTION : Coll of Technology, 
Cathays Park, Cardiff, ““ The Techniques of Power ell 
ments from D.C. to 5 Mc/s,” G. F. Lawrence, 30 p. 

Tues., Nov. 30th.—N.W. SECTION : < mage ‘Hall, College of 
Technology, Sackville 7. Manc! er, “ Electronics and 
the Wind Tunnel,”’ G. J. Scoles, 7 p.m. 

ntnaes SOCIETY 
Thurs., Nov. 18th.—Chemistry Lecture Theatre, Imperial College 


of ' Science and Technology, South Kensington, London, S.W.7 
7 Rearr > M. J. S. Dewar, 7.30 p.m. 


DIESEL ENGINE USERS ASSOCIATION 

Thurs., Nov. 18th.—Caxton Hall, Westminster, London, S.W.1, 
“ Notes on the Performance of Some Two-Stroke Oil Engines,”’ 
S. J. Davies and M. A. Plint, 2.30 p.m. 

ENGINEERS’ GUILD 

Wed., Nov. 17th.—METROPOLITAN BRANCH : Caxton Hall, West- 

minster, London, S.W.1, Films, “ Power + ”” “ Britain’s 
* Comet,’”’ and “ Men Against the Sea,”’ 6 p.m 


HULL CHEMICAL AND ENGINEERING SOCIETY 


Tues., Nov. 23rd.—Church Institute, Hull, “‘ Synthetic Rubbers,” 
F. A. Jones, 7.30 p.m. 

ILLUMINATING ENGINEERING SOCIETY 

Tues., Nov. 16th.—GLOUCESTER AND CHELTENHAM CENTRE : 
General Electric Co., Ltd., 2, St. Aldate Street, Gloucester, 
“ Lighting for Enjoyment,” T. O. Freeth, 6.30 p.m.—— 
LiveRPOOL CENTRE: Liverpool Engineering Society, 9, The 
Temple, 24, Dale Street, Liverpool, “ Lighting for Produc- 
tion,”’ J. W. Howell, 6.30 p.m. 

Wed., Nov. 17th.—Leeps Centre: E.L.M.A. Lighting Service 
Bureau, 24, Aire Street, Leeds, 1, “‘ Industrial Colour-Matching 
Problems, 7A. Wilcock, 6.15 p.m.——N. LANCASHIRE GROUP : 
N.W. Electricity Board, 19, Friargate, Preston, “‘ The Sense of 
Sight,’’ S. Mountain, TAS p.m.—Tees-SIDE Group : Cleve- 
land Scientific and Technical Institution, Corporation Road, 
Middlesbrough, “ Lighting Aids for Marine Navigation,’’ K. C. 
Sutton-Jones, 6.30 p.m. 

INCORPORATED PLANT ENGINEERS 
Tues., Nov. 16th.—S. Wares BrancHo: S. Wales Institute of 
ineers, Park Place, Cardiff, “‘ Instrumentation and Thermo- 
static Controls, ” 7.15 p.m. 

Wed., Nov. 17th—GLascow BRANCH: Scottish Building 
Centre, 425/427, Sauchiehall Street, Glasgow, “ Assembly, 
Use and Maintenance of Chain Slings,’’ W. G. Biggart, 7 p.m. 
——KENT BRANCH: Bull Hotel, Rochester, “‘ Fan Charac- 
teristics with Particular Reference to their Application to 
Boiler Plant,’’ C. E. Knight, 7 p.m. 

Thurs., Nov. 18th. —BLACKBURN BRANCH : Golden eo Hotel, 
Blackburn, “ Gas Turbines,’’ J. R. Needham, 
MERSEYSIDE AND N. Wates BraNcH: Radiant pag ‘Bold 
Street, Liverpool, “‘ The Factory Act and the Plant Engineer,” 
A. Mills, 7.15 p.m. 

INSTITUTE OF BRITISH FOUNDRYMEN 
Tues., Nov. 16th.—E. ANGLIAN SECTION: Central Hall, Public 


Libsary, Ipswich, “‘ Gadgets,’’ 7.30 p.m. 
Wed., Nov. 17th.—LONDON BRANCH : Waldorf ——. Aldwych, 





London, W.C.2, “ Some Foundry Problems,’ Rogers, 
7.30 p.m. 
: INSTITUTE OF FUEL 

Tues., Nov. 16th.—MIDLAND SECTION: James Watt Memorial 
Institute, Great Charles Street, Birmingham, “‘ Modern Gas 


Practice,”’ H. Farrington, 6 p.m. 
Royal Victoria Station 
Thring, 


Turbine 
Wed., Nov. 17th.— YORKSHIRE SECTION : 
oY Sheffield, “‘ Flame Radiation Research,” M. W. 

.30 p.m. 


INSTITUTE OF MARINE gr yy sas 


To-day, Nov. 12th—JuNIOR LECTURE, Coast SECTION : 
Technical liege, Sunderland, “ Marine Closed Feed 
Systems,” D. C. Hagen, 4 p.m. 

Tues., Nov. 16th.— SecTiO1 The Lorne, Blackhall 
S > ock, “ Diesel Hydraulic Propulsion,” F.J. Mayor, 


17th.—Junion Lecture, MERSEYSIDE AND N.W. 


7.30 p.m. 
Wed., Nov. 
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Section : Technical College, Birkenhead, “‘ Marine Diesel 
Engines,”’ A. G. Arnold, 7 p.m. 

Thurs., Nov. 18th.—Royal Hotel, Bristol, fining for the Inaugu- 
rating of the West of England Section,’ 7 p.m. 
Thurs., Nov. 25th.—N.E, Coast SECTION : Cleveland Scientific 
and Technical Institution, Conpsragion Road, Middlesbrough, 
“* Automatic Boiler Controls,’’ Ll. Young, 6. 15 p.m. 


INSTITUTE OF METALS 
Thurs. and Fri., Nov. 25th and 26th—4, Grosvenor Gardens, 
London, S.W.1, Meeting for the benefit of Members unable to 
take part in the Autumn Meeting in Switzerland. Thurs, 
p.m., Discussion on “The Constitution of Titanium 
Alloys” Fri., 10 a.m., Discussion on “ Preferred Orienta- 
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Grapuates’ Section : Y.M.C. Queen Street, 
“ Peat-Fired Gas Turbines,” Wan * Connell 7.30 p. *» Edinburg, 
Fri., Nov. 19th.—GENERAL MEETING : 1, Birdcage Walk, W, 
minster, penton, S.W.1, James Clayton Lecture, Guide 
Missiles,”” G. W. H. Gardner, 5.30 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 

» Nov. 15th.—Dersy Section : College of Art, Gr, 
Derby, “ Mechanical Accountancy,” also Film,’ Figua 
S. Carden, 7 p.m.——MANCcuEstrr Sanne 
Reynolds Hall, College of ‘Tichecloas, Sackville Street, Man. 
chester, I, “ The Practical Application of Production Engineer. 
ing Research,’’ D. F. Galloway, 7.15 p.m.—§N E. Secnoy. 
Neville Hall, Newcastle Yt Tyne, “ The Prec ical Uses of 








tion’ ; Fri., 2.30 p.m., Discussion on “Corrosion and Staining 
of Aluminium Alloys.”’ 
INSTITUTE OF PETROLEUM 
Wed., Nov. 17th.—Royal Institution, Albemarle Street, London, 
W.1, The Cadman Lecture, C. A. P. Southwell, 5.30 p.m. 


INSTITUTE OF PHYSICS 


Tues., Nov. 23rd.—NoN-Destructive TestinG Group : Lecture 
Theatre, New Horticultural Hall, Vincent Square, London, 
1, Discussion on “ Fundamentals of Radiographic 





Definition, Resolution | and Unsharpness,’” opened by R 
Halmshaw and piegler, 2 p.m. 
INSTITUTE OF REFRIGERATION 
Thurs., Nov. 25th.—Institution of Mechanical Engineers, 1, 


Birdcage Walk, Westminster, London, S.W.1, “ The Use of 
Heat Pumps of Small Capacity for Various Purposes in Great 
Britain,’’ M. V. Griffith, 5.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 

Wed., Nov. 17th.—N.W. Centre: Adelphi Hotel, Liverpool 
“* Disc Brakes,”’ 7.30 p.m. 

Thurs., Nov. 18th.—LONDON CENTRE: Royal Society of Arts, 
John Adam Street, London, W.C.2, “An Approach to the 
Organisation and Operation of a Large Composite Fleet,”’ 
R. H. Patman, 6.30 a CENTRE: Hotel 
Metropole, King Stree! Leeds, “ The Development and 

Operation of Disc Brakes,” T. J. Phipps. 7.30 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Nov. 12th.—LonDON GRADUATES’ AND STUDENTS 
Caxton Hall, Westminster, London, S.W.1, “‘ Feed 
6.30 C= 
“Gas 


To-day, d 
SECTION : 
Back in Chemical Engineering Processes,”’ F. F. Ross, 

Tues., Nov. 16th.—Science Museum, London, S.W.7, 
Refrigerating Machines,’’ J. L. W. Kohler, 4. 30 

Wed., Nov. 17th.—GRADUATES’ AND STUDENTS’ ECTION, Mip- 
LANDS CENTRE : The University, Edmund Street, Birmi m, 


“Legal Aspects of Chemical Engineering,”’ ’s. J. reen, 
6.30 p.m. 
INSTITUTION OF CIVIL ENGINEERS 
Tues., Nov. 16th.—OrDINARY MEETING : Great George Street, 


Westminster, London, S.W.1, “ Present Trends in the Design 
of Pressure Tunnels and Shafts for Underground Hydro-Electric 
Power Stations,’’ Charles Jaeger, 5.30 p.m. 
Wed., Nov. 17th——MIDLANDS ASSOCIATION: Old College, 
Loughborough, “ Prestressed Concrete in Practice,’’ J. Single- 
ton Green, 7 p.m. 


Tues., Nov. 23rd——RAtmway MEETING: Great Geo Street, 
Westminster, London, S.W.1, “‘ Standardisation .§ ‘ype and 
Design Applied to Steam Locomotive Shed Roo fs,"’ V. F. Beer ; 


“Smoke Extraction from Engine Account of 
Some Full-Scale Tests,’’ R. L. McIimoyle and D. W. Peacock, 
p.m. 
INSTITUTION OF ELECTRICAL ENGINEERS 
Mon., Nov. 15th.—InFoRMAL MEETING : Savoy Place, London, 
W.C.2, Discussion on “ Has Nuclear Fission a Future as a 
Source - Industrial Power,’’ opened by Sir Harold Roxbee Cox, 


5.30 
ro. Pon 16th. —LONDON STUDENTS’ SECTION : Public Library, 
helmsford, “‘ Automatic Control of Electrical Machines,”’ 
R. Molloy, 7 p.m.——N. MIDLAND CENTRE : British Elec- 
tricity Authority, 1, Whitehall Road, Leeds, 1, ““ Measurements 
of the Winding Resistance of a 132kV Power iaaee in 
Service,’ K. J. R. ae and J. D. Harmer, 6.30 p.m. 
Savoy Place, London, W.C.2, “* Celebration of the Jubilee 
of the Thermionic Valve,’’ The Most E the N 
of Salisbury, K.G., P.C., Lord President a the Council, 
Opening Address, followed by “ — Genesis of md Thermionic 
alve,”” G. W. O. Howe, 2.30 p. ic Devices 
from the Development of the Triode up to 1939." ° Sir Edward 
Appleton, 3. 30 p.m.; Tea Interval, 4.30 p.m.; “ Developments 
in Thermionic Devices Since 1939, J, Thomson, 5.30 p.m. 
Thurs., Nov. 18th.—UTILIZATION SECTION : Savoy Place, London, 
C. 2, “ The Use of eepe 4 in the Production of Calcium 
Carbide,” C. J. Beavis, 5.30 


INSTITUTION OF eimai ca ogee 





in Industry,’ Zandstra, 7 p.m. ——Stox. 
ona SecTiON : Blue Room, lahacl: Institution, 
Crewe, “ Maintenance and the Production Engineer,” 4. J 
Macintyre, 7.15 p.m. 

Tues., Nov. 16th.—CoveNntTRY SECTION: The Craven Arms, 

Street, Coventry, “ The Design of Transicr Machines 
under Application to Production,’? H. W. Holbeche and F. 
Griffiths, rs 

Wed., Nov. 17th.—BIRMINGHAM SECTION : James Wait Memoria} 
Institute, Great Charles Street, Birmingham, “ The Production 
and Properties of Titanium and Titanium ‘Alloys,” R. LP. 
Berry, p.m.——LiverPOOL SECTION: Exchange Hotel, 
Liverpool, R Shell Moulding,’”’ D. N. Buttrey, 730 pm— 
LONDON GRADUATES’ SECTION : 10, Chesterfield Street, London, 
W.1, “Use of Mechanical and’ Electronic Equ Aore for 
Production Planning and Control,”’ E. F. Carden, 

Thurs., Nov. 18th.—CORNWALL SECTION: Technic ° College, 
Trevenson, Pool, Redruth, Discussion on “ What Subjects 
should be Studies in Production Engineering , Training,” 
bo 15 S ee SECTION :_ Institution of Engineey 

hipbuilders, 39, Elmbank Crescen a inseu “ 
=. ——— of ‘Cutting Tools,”’ G. V. Stabler, 7. 30 p, 
ECTION : ; Frovocative Tooling Methods io 
ircraft,”’ s. P. Woouley, 7.15 

Fri, Nov. i9th. —W.’ WALES SECTION : “Central Library Alexandra 
Road, Swansea, “ Designing for Production,”’ ©. L. Boy); 
7.30 p.m. : 

INSTITUTION OF SANITARY ENGINEERS 
Mon., Nov. 15th.—Public Works and Municipal Services Cop. 
gress, Olympia, London, “ Practical Aspects of the Planning 
| Construction of Sewerage Schemes,”” W. D. Haworth, 
3.15 p.m. 
INSTITUTION OF STRUCTURAL ENGINEERS 

To-day, Nov. 12th.—WESTERN COUNTIES BRANCH : University 
Geology Lecture Theatre, Bristol, ‘ Unusual Industrial Struc. 
tures,’ H. C. Husband, 6 p.m. 

Tues., Nov. 16th, MIDLAND COUNTIES BRANCH : Supper Room. 

he King’s Hall, Derby, “‘ The Construction of a Prestressed 
Concrete Gas Holder Tank at Cromer,” E. Williams, 7 pm. 
———WALES AND MONMOUTHSHIRE BRANCH : S. Wales Institute 
of Engineers, Cardiff, “‘ Economics in Welding Design,” F. 
Brooksbank, 6.30 p.m. 

Wed., Nov. 17th.—ScottisH BRANCH : Institution of Engineers 
and Shipbuilders, Glasgow, “‘ The influence of Welding on 
Steel Building Structures,”’ $. M. Reisser, 7 p.m. 


IRON AND STEEL INSTITUTE 
Wed. and Thurs., Nov. 17th and ne Grosvenor Gardens, 
London, S.W.1, Autumn General M 
JUNIOR INSTITUTION OF <a 
To-day, Nov. 12th.—ORDINARY MEETING : Pepys i I4, 
Rochester Row, London, S.W.1, “ Corrosion,” W. F. Gerrard, 
7 p.m. 
ri’ Nov. 19th. —Pepys House, 14, Rochester Row, London, 
.1, Chairman’s Address, ‘ * Engineering Piant in Buildings,” 
S. G. Clark, 7 p.m. 
LIVERPOOL METALLURGICAL conga 
Thurs., Nov. 18th. —Liverpool Engineering Society, Temple, 
Dale Street, Liverpool, “The Fracture of Rieti, ied | 
Phillips, 7 p.m. 
MANCHESTER ASSOCIATION OF ENGINEERS 
To-day, Nov. 12th.—Engi * Club, Albert Square, Manchester, 
2, “ A Brief Survey of the Early History of Woolwich Arsenal,” 
O. F. G. Hogg, 6.45 p.m. 


MANCHESTER GEOLOGICAL AND MINING SOCIETY 


Thurs., Nov. 18th.—Wigan and District Mining and Technical 
Col , Wigan, “ Colliery Management,’’ Sir Andrew M. 
Bryan, 3 p.m. 

NORTH-EAST COAST INSTITUTION OF ENGINEERS 


AND SHIPBUILDERS 





Wed., Nov. 17th—WOLVERHAMPTON BRANCH 

Grange, Compton Road, Wolverhampton, “ Shell Moulding," 
with a Demonstration by M. C. Dixon and R. S. Bushell, 
7.30 p.m. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 

tc eg 

Tues., Nov. 16th.—39, Elmbank Glasgow, “ The 

Choice of Electrodes for Ship Welding G. G. "vosthout. 7.30 p.m. 


INSTITUTION OF ENGINEERS-IN-CHARGE 
Tues., Nov. 16th.—Magnet House, Kingsway, London, W.C.2, 
“ Application of Lifts for Modern Traffic Conditions,”” W. A 
Dixie, 6.15 p.m. 
INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., Nov. 17th.—Institution of Mechanical Engineers, 1, Bird- 
cage Walk, London, S.W.1, ““ A Modern Hydraulic Drive for 
Locomotives,”’ R. H. Fett, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 
To-day, Nov. 12th.—GENERAL MEETING : 1, Birdcage Walk, West- 
minster, London, S.W.1, “ Inspection, Explosion and Break- 


down of Boilers and Pressure Vessels,’’ J. Eyers, 5.30 p.m. 
. CENTRE : Institution of Engin- 





Mon., Nov. 15th.—ScorTtisu 
eers and Shipbuilders, 39, ‘Elmbank Crescent, Glasgow, 
“ Problems in the Design of an E Gear- 
box,” T. C. F. Stott, 7.30 p.m. ‘ 

Tues., Nov. 16th.—Hyprautics Group: 1, Bir Walk, 
Westminster, London, S.W.1, “ Measurement of Flow,” 
6.45 p.m.——E. MIDLANDS GRADUATES’ SECTION : Schofield 
Buildings, Loughborough College, Loughborough, “‘ Servo- 
Control,”’ P. J. Bhatt, 7.15 ee. m. 

Wed., Nov. 17th.—E. ‘Mip BRANCH: College of Tech- 


nology, Chesterfield, “ ey dular Cast toe J Its os : 4 — 

and uture Prospects as an gineering aterial,”’ ley, 

7.30 p.m, SOUTHERN BRANCH: Technical College, 
Brighton, Discussion on “ The Future of the Compression- 
Ignition Engine yo Small Road Vehicles,” J. H. Pitchford, 
7 p.m.——N. CENTRE stry Lecture tre, 
The University, isede, “ Barth Moving,” R. W. 
7.30 p.m.—WESTERN GRADUATE SECTION: Grand Hotel, 
Bristol, “ The Design and Construction of Locomotive Boilers,” 
G.D. Gimlett, 7.15 p.m. 

Thurs., Nov. 18th.—LONDON GRADUATES’ SECTION : 1, Birdcage 
Ww. ik, ee, London, S.W.1, “ Expansion Provision 
for Pipelines,” Westerman, 6.30 p.m,.——-SCOTTIsH 


To-day, Nov. 12th. —Mining Institute, Newcastle upon Tyne, 
os + instrumentation in E Research with Particular 

fe to Marine Turbine Machinery,” B. J. Terrell, 
bis p.m. 


OLD CENTRALIANS 
Mon., Nov. 15th.—Chez Auguste Restaurant, 47, Frith Street, 
London, W.1, “ Standardisation and its influence on Pro- 
ductivity,” T. R.B. Sanders, 12.45 p.m. 


gh yea CONCRETE ASSOCIATION 
Wed., Nov. 17th, Upper | Belgrave Street, London, S.W.|, 
“ Composite Cuasienien” Felix J. Samuely, 6 p.m. 
ROYAL AERONAUTICAL SOCIETY 
16th.—SecTiON Lecture: 4, Hamilton Place, 


Tues., Nov. f 
.1, “ Uses of the ‘ Ace ’ Computer,”’ E. T. Goodwin, 


a *: 


wed'N Nov. 17th.—GRADUATES’ AND STUDENTS’ SECTION LECTURE : 
Hamilton Place, London, W.1, “ Bird Flight and the Aero- 
piane, we Pritchard, 7.30 p.m. 


ROYAL METEOROLOGICAL SOCIETY 

Wed., Nov. 17th.—49, Cromwell Road, South Kensington, 
London, S.W.7, Discussion Meeting on “ Water Supply,” 
4.45 p.m. 

ROYAL SOCIETY OF ARTS 

Wed., Nov. 17th—E. FRANKLAND ARMSTRONG MEMORIAL 
Lecture: John Adam Street, Adelphi, London, W.C2, 
“Science and Food Production,” Leslie H. Lampitt, 2.30 p.m. 


SHEFFIELD SOCIETY OF ENGINEERS AND 
METALLURGISTS 
Tues., Nov. 16th.—B.LS.R. oA Hoyle Street, ae. * Specifica- 
tions : Friends or Foes ? *'S. Barrach lough, 7 


SOCIETY OF CHEMICAL aaa 
To-day, Nov. 12th.—Technical College, Tavistock Road, Ply: 
mouth, Joint Meeting of the S.W. ction and the Corrosioo 
Group, General Discussion of Practical eau Problems, 
3 p.m. to 4.45 p.m., and 5.30 p.m, to 7 p I 
Thurs., Nov. 18th. —Institution of Structural Engineers, Ut, 
Upper Belgrave Street, London, S.W.1, “ The Constitution a0 
Structure of Coal Tar Pitch,”’ L. J. Wood, 6 p.m. 


WOMEN’S ENGINEERING SOCIETY 
Ths, Nov. 18th.—LONDON BRANCH : Visit to Post Office Cable 
ireless Services, 6.45 p.m. 


































